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MUTTON  AND  ITS  VALUE  IN  THE  DIET. 


IKTEODVCTIOH. 


Mutton  has  from  early  times  been  a  popular  food  both  in  the  Ori«it  and 
among  western  nations.  The  ease  with  which  the  sheep  is  raised  and  the  fact 
that  its  flesh  Is  not,  like  some  other  meats,  excluded  on  religious  grounds  from 
the  dietary  of  any  large  group  of  people,  combine  with  Its  palatability  to  bring 
it  into  widespread  favor.  The  terms  "lamb"  and  "mutton"  are  somewhat 
loosely  used  to  designate  the  meat  obtained  from  the  younger  and  older  ani- 
mals. In  some  localities  mutton  is  used  to  apply  to  the  flesh  of  all  but  young 
Iambs ;  in  others  its  use  is  limited  to  the  flesh  of  full-grown  sheep.  The  latter 
is  perhaps  the  commonest  usage  in  the  United  States. 

The  preference  tor  lamb  or  for  mutton,  like  the  use  of  the  terms»  varies  with 
the  locality.  Of  late  years  a  preference  for  lamb  to  older  mutton  has  been 
noticeable,  particularly  In  the  United  States.  In  England,  on  the  other  hand, 
mutton  has  always  been  more  commonly  used.  The  popularity  of  one  or  the 
other  will  probably  always  be  determined  by  taste,  fashion,  or  market  condi- 
tions, for  both  are  jmlatable  and  nutritious  foods.^ 

The  general  belief  that  mutton  and  lamb  are  wholesome  has  been  str^igthened 
recently  by  such  work  as  that  of  the  United  States  Departm^it  of  Agriculture, 
whose  reports  of  meat  inspection  show  that  it  has  been  necessary  to  reject 
relatively  few  mutton  carcasses  as  unfit  for  food,  and  that  the  sheep  is  particu- 
larly free  from  diseases  which  render  meat  undesirable. 

COXPOSmOK  ANB  HTTrRITIVE  VALVE. 

The  term  "  mutton  "  is  here  used  to  apply  to  the  flesh  of  a  sheep  one  year  or 
more  old.  Such  meat  differs  in  composition  from  the  flesh  of  a  lamb  very  much 
as  meat  of  any  other  mature  animal  differs  from  that  of  a  young  animal  of  the 
same  kind,  as  beef  differs  from  veal,  for  example,  or  fowl  from  chicken,  I.  e.,  it 
has,  in  general,  a  smaller  percentage  of  water  and  larger  percentages  of  fat, 
protein,  and  extractives  or  flavoring  substances.  Poimd  for  pound,  mutton  has 
a  larger  amount  of  tissue-forming  substances  and  a  higher  energy  value  than 
Iamb. 

So  far  as  nutritive  value  is  concerned,  mutton  is  usually  classed  with  beef. 
Analyses  reported  in  an  earlier  bulletin  of  this  series'  show  that  they  have  nearly 

iThe  stmcture,  composition,  and  general  qualities  of  different  kinds  and  cuts  of  meat 
are  c^^sldered  in  an  earlier  publication.  (U.  S.  Dept.  Agr.,  Farmers*  Bui.  34,  Meats:  Com- 
position and  Cooking.)  The  value  of  meat  as  food,  ways  of  reducing  expense  in  the  use  of 
meat  methods  of  jseat  cooker>%  directions  for  utilizing  cheaper  cuts  of  meat  in  palatable 
dishes,  and  other  like  topics,  are  discussed  In  a  similar  publication.  (Farmers'  Bui.  391, 
Economical  Use  of  Meat  in  the  Home.) 

*  U.  S.  Dept  Agr.-,  Farmers'  Bui.  34. 
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the  same  composition.  The  percentage  of  waste  differs  vei*y  slightly  in  the  two, 
being  on  the  average  a  little  less  than  20  per  cent  In  each.  In  the  edible  portion 
the  percentage  of  protein  is  practically  the  same;  It  averages  about  18  per  cent 
In  the  beef  and  16  per  cent  iii  the  mutton.  It  is  only  when  the  fat  is  considered 
that  any  considerable  difference  Is  noted.  •  This  averages  about  20  per  cent  of 
the  edible  portion  in  medium  fat  beef  and  a  little  over  30  per  cent  In  the 
corresponding  kind  of  mutton.  As  might  be  expected,  water  Is  corresi>ondlngly 
low  in  the  mutton  and  high  in  the  beef,  being  about  six-tenths,  or  60  per  cent,  of 
the  total  in  the  beef  and  about  five-tenths,  or  50  per  cent,  of  the  total  in  the 
mutton.  Because  of  the  larger  amount  of  fat,  the  fuel  or  energy  value  is  greater 
in  mutton  than  in  beef,  being  usually  stated  as  1,500  calories  per  pound,  while 
that  of  beef  is  given  as  about  1,145  calories.  The  fact  should  be  kept  in  mind, 
however,  that  these  figures  refer  to  the  average  of  many  samples  of  the  two 
kinds  of  meat  The  variations  in  different  samples  of  either  meat  are  wider 
than  the  diffePMices  between  these  average  values,  and  for  this  reason  the 
custom  of  classing  beef  and  mutton  together  when  their  nutritive  values  are 
concerned  may  be  considered  fair. 

DIGESTIBILITY  OF  XTTTTOK. 

Mutton  and  lamb  are  commonly  believed  to  digest  readily  without  causing 
disturbance,  and  both  experience  and  the  results  of  scientific  investigation  seem 
to  bear  out  this  belief.  To  this  may  be  ascribed  the  common  use  of  mutton 
and  lamb  in  invalid  dietetics,  as  well  as  in  the  daily  fare. 

The  question  of  the  thoroughness  of  digestion  of  meat  has  been  studied  in 
connection  with  the  nutrition  investigations  of  this  office.*  which  reported  a 
number  of  experiments  made  for  the  purpose  of  determining  the  effect  of  dif- 
ferent methods  of  cooking  upon  the  ease  and  thoroughness  with  which  various 
kinds  and  cuts  of  meat  are  digested.  There  was  nothing  in  the  results  of  tiie 
experiments  to  Indicate  that  any  one  variety  of  meat  or  any  one  cut  of  meat 
has  any  very  large  advantage  over  others  in  this  resi)ect.  Meats  as  a  whole 
j*ank  as  very  digestible  foods,  97  per  cent  of  the  meat  protein  and  95  per 
cent  of  the  fat  being  retained  in  the  body,  while  87  p&e  cent  of  the  en- 
ergy of  the  meat  is  available  for  body  uses.  The  figures  for  mutton  may, 
however,  prove  interesting  here,  though  the  results  differ  little  from  those 
obtained  with  other  meats.  Five  cuts  of  mutton,  1.  e.,  the  shoulder,  flank, 
leg,  loin,  and  ribs,  were  all  prepared  in  the  same  way,  that  is,  by  being 
boiled  for  three  hours  in  water.  In  most  cases  several  samples  of  the  same  cut 
were  tested.  After  being  cooked  the  various  kinds  were  digested  artifldally. 
The  results  showed  that  at  the  end  of  one  hour  78  per  cent  on  an  average  of 
these  cuts  had  been  digested.  The  amount  of  digested  material  gradually  in- 
creased until,  at  the  end  of  24  hours,  less  than  5  per  cent  of  any  one  remained 
undigested.  In  the  case  of  the  leg  the  undigested  portion  of  every  sample  was 
less  than  2  per  cent 

Experiments  in  natural  digestion  were  also  made.  The  subjects  were  men  in 
normal  health  and  the  experimental  ration  was  a  simple  mixed  diet  which 
included  roast  mutton.  The  results  showed  that  over  99  per  cent  of  the  pro- 
tein and  over  98  per  cent  of  the  fat  of  the  mutton  were  digested — figures  which 
were  practically  identical  with  those  obtained  with  roast  beef.  In  other  words, 
mutton,  like  beef,  was  almost  completely  assimilated. 

^  U.  S.  Dept.  Agr.,  Office  Expt.  Stas.  Bal.  198. 
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EELATIVE  ECfONOlCy  IK  THE  ITSE  OF  HUTTOH. 

While  mutton  and  beef  do  not  differ  materially  in  percentage  composition  or 
digestibility,  mutton  has  an  advantage  in  that  it  is  capable  of  somewhat  more 
economical  use.  The  mutton  carcass,  unlike  the  beef  carcass,  ia  of  such  slsse 
that  a  quarter  or  a  half,  either  of  which  supplies  a  variety  of  cuts,  can  be  con- 
veniently utilized  in  a  household  of  moderate  size  with  ordinary  refrigerating 
facilities,  and  the  price  per  pound  is  commonly  less  when  the  meat  is  bought 
in  this  way.  There  is  a  certain  advantage,  too,  in  the  fact  that  the  leg,  which 
has  the  smallest  percentage  of  waste  of  any  of  the  cuts  of  mutton,  is  of  suitable 
size  for  family  use.  for  a  piece  of  meat  which  has  not  been  cut  up  keeps 
better  than  one  which  has  been  cut.  On  the  other  hand,  the  rather  general  be- 
lief, which,  however,  seems  unfounded,  that  all  kinds  of  mutton  fat  are  unsuit- 
able for  culinary  puriK)ses,  has  tended  somewhat  to  an  uneconomical  use  of  this 
meat  This  subject  receives  further  treatment  in  a  later  paragraph.  (See 
p.  6.) 

THE  FLAVOR  OF  inrTTOK. 

The  sex,  age,  and  feeding  of  the  animal  are  all  factors  which  help  to  deter- 
mine the  natural  flavor  of  mutton.  It  is  said  by  experts,  too,  that  di-essed 
mutton  is  peculiarly  liable  to  absorb  odors  and  to  have  its  own  flavor  modified. 
tij  the  .flavor  of  other  substances  with  which  it  comes  in  contact.  For  this 
reason,  careful  and  quick  slaughtering  and  dressing  and  good  facilities  for 
refrigerating  are  considered  even  more  essentia]  in  the  satisfactory  preparation 
of  mutton  for  market  than  in  the  case  of  beef  or  pork.  Since  methods  of  feed- 
ing are  being  investigated  and  standardized,  and  all  the  processes  of  handling 
and  storage  are  being  rapidly  perfected,  there  is  reason  to  look  for  a  continual 
improvement  in  the  quality  of  mutton  found  upon  the  market  and  a  correspond- 
ing increase  in  its  popularity  as  a  food  material. 

The  characteristic  flavor  and  odor  of  mutton  are  said  to  have  their  origin  in 
the  fat.  Lewkowitsch,  an  authority  upon  the  chemistry  of  fats,  quotes  an  early 
Investigator  as  ascribing  the  odor  to  the  presence  of  "hircinic  acid,'*  but 
this,  he  states,  wi:s  later  shown  to  be  merely  a  mixture  of  well-known  vola- 
tile fatty  acids.  If  the  characteristic  mutton  flavor  is  due  to  volatile  fatty 
acids,  we  can  understand  why  it  is  lessened  by  cooking  with  water,  since  such 
acids  are  volatile  in  steam.  CJooking  the  fat  with  a  little  vinegar  or  stronger 
acids  seems  to  lessen  the  characteristic  flavor  somewhat,  though  perhai)s  the 
eflPect  is  only  to  mask  the  mutton  flavor  by  that  of  the  acid.  If  a  little  vinegar 
or  lemon  juice  is  placed  in  the  water  in  which  mutton  Is  boiled  or  stewed,  a 
flavor  is  obtained  which  is  different  from  mutton  cooked  without  the  acid,  and 
by  many  considered  very  agreeable. 

In  some  conntries  it  is  the  custom  to  prepare  mutton  by  soaking  it  in  highly 
spiced  vin^ar  and  water  for  a  day  or  longer,  and  then  to  roast  or  boil  it,  and 
sen'e  it  with  a  sour  sauce  made  usually  with  sour  cream.  (See  p.  21.)  As 
vinegar  is  a  preservative,  we  may  imagine  that  this  method,  like  that  of  com- 
ing meat,  was  first  employed  as  a  means  of  preservation.  For  such  n  reason, 
we,  with  our  improved  refrigerating  processes,  would  seldom  need  to  make 
use  of  it  The  fact  should  not  be  overlooked,  however,  that  during  the  time 
when  this  mode  of  preparation  was  frequently  necessary,  the  dish  was  per- 
fected and  made  appetizing.  Besides  l)eing  of  historical  interest,  therefore^ 
it  may  have  a  practical  value,  and  those  who  have  limited  facilities  for  keep- 
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ing  food,  or  who  for  any  reason  seek  variety  In  their  diet,  may  be  glad  to 
know  of  It. 

Whatever  the  reason,  the  habit  of  using  acids  or  acid  fruits  and  vegetables 
In  the  preparation  of  mutton  seems  to  be  very  widespread,  particularly  in 
foreign  countries  or  where  foreign  methods  prevail.  Creole  cookbooks  recom- 
mend that.  In  addition  to  the  sour  sauce  which  almost  invariably  accompanies 
the  meat,  a  few  drops  of  lemon  juice  be  added  to  each  slice  of  boiled  mut- 
ton before  It  Is  served.  In  Turkey,  a  favorite  dish  is  prepared  by  cooking 
chopped  mutton  and  rice  In  grape  leaves  which  are  slightly  acid.  In  some 
countries,  quinces  or  sour  apples  are  cooked  with  mutton.  In  the  United 
States,  the  addition  of  currant  jelly  to  the  gravy  of  roast  mutton  is  very 
common,  and  capers  or  the  liquor  In  which  they  have  been  bottled,  chopped 
pickles,  vinegar,  lemon  juice,  and  tomato  juice  are  often  used  for  the  same 
purpose.  Sour  apples  cooked  under  roast  mutton  have  been  found  to  impart 
an  agreeable  flavor  to  the  gravy. 

THE  FAT  OF  MVTIOV  AJSTD  ITS  CHAmACTEKISTICS. 

Fats  from  various  Bources,  animal  and  vegetable,  dlflfer  In  hardness  and  In 
their  melting  and  solidifying  points,  as  well  as  in  other  physical  characteri»- 
tics.  The  melting  point  of  mutton  tallow,  for  example,  is  usually  given  as 
between  111°  and  122°  P.;  while  that  of  the  corresponding  beef  fat,  usmiUy 
known  as  beef  suet  or  beef  tallow,  is  given  as  between  107**  and  120*  F,;  and 
the  corresponding  pork  fat  as  between  97**  and  116**  F.  Not  only  do  fats  from 
different  animals  and  plants  differ  in  these  particulars,  but  fats  from  different 
parts  of  the  same  animal  differ  also.  In  this  laboratory,  the  melting  point 
of  a  sample  of  mutton  kidney  fat  was  found  to  be  122"  F. ;  that  of  fat  from  the 
"covering"  of  the  leg,  114''  F. ;  that  of  fat  from  the  lean  portion  of  the  leg, 
which  was  obtained  by  boiling  the  meat  and  allowing  the  fat  to  rise,  105°  F.; 
and  that  of  a  mixture  of  fat  from  the  "covering"  of  the  leg  and  from  the 
interior  of  the  lean  portion  of  it,  which  was  obtained  from  the  liquid  in  which 
a  leg  of  mutton  was  boiled,  107°  F.  It  is  evident  from  these  figures  that  fata 
taken  from  different  parts  of  the  mutton  carcass  can  not  be  classed  indiscrimi- 
nately when  their  uses  and  the  precautions  necessary  in  handling  them  are 
under  consideration,  any  more  than  fats  from  dlffer^it  animals  can  be  so 
classed.  Therefore  the  statement  frequently  made  in  books  on  cookery,  that 
fat  which  "tries  out"  from  mutton  is  too  liard  to  be  useful  for  any  purpose 
except  soap  making,  obviously  needs  qualification.  As  a  matter  of  fact,  tbe 
fat  from  the  leg  was  found  in  this  laboratory  to  be  suitable  for  many  culinary 
purposes.  It  was  used  satisfactorily  for  sauting  (frying  In  a  small  amount  of 
fat)  and  also  in  the  preparation  of  vegetables.  Since  this  fat  would  seldom  be 
available  in  large  quantities  In  the  household,  it  was  not  thought  necessary  to 
exi>erlment  with  It  for  deep  fat  frying. 

A  hard  fat  is  very  much  softened  If  a  little  soft  fat  is  mixed  with  it.  Since 
the  kidney  fat  Is  too  hard  for  ordinary  culinary  purposes,  experiments  were 
made  In  mixing  It  with  other  softer  fats.  For  this  purpose,  vegetable  oils  were 
used  and  also  lard  and  beef  fat  When  economy,  as  well  as  flavor,  is  taken 
into  consideration,  the  best  results  may  be  said  to  have  be^i  obtained  from  the 
mixture  of  two  parts  of  mutton  suet  with  one  of  lard.  'Hiis  mixture  has  a 
melting  point  aiH)r^^ably  lower  than  that  of  the  mutton  suet  alone,  and  it  was 
[  Qied  satisfactorily  for  deep  fat  frying,  for  '*  diortening  "  foods  with  distinctive 
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flavor,  and  for  many  other  purposes.     It  gave  fair  results  even  In  the  prepara- 
tion of  baking-powder  biscuits. 

The  Flavor  of  Untton  Pat — Savory  Pat 

In  the  preceding  pages,  only  the  question  of  the  hardness  of  mutton  fftts  as 
related  to  their  culinary  uses  has  been  considered.  Objection  is,  however, 
sometimes  made  to  the  use  of  this  fat  for  such  purposes  because  of  its  pe- 
culiar or,  as  it  is  often  described,  its  "  muttony  "  flavor,  which  many  persons 
do  not  like,  though  others  consider  it  palatable.  The  possible  nature  of  the 
flavoring  substance  has  been  spoken  of  elsewhere.  (See  p.  7.)  It  would 
make  for  economy  if  mutton  fat  were  more  commonly  used  in  the  kitchen. 
For  this  reason,  tests  were  made  of  different  ways  of  modifying  the  flavor 
80  that  the  mutton  fat  might  be  more  generally  used  in  cooking.  The  most 
satisfactory  me  hod  found  was  to  mix  some  leaf  lard  with  the  suet  and  render 
with  milk.  Th^  suet  and  leaf  lard  mixture  was  finely  divided  by  passing  it 
through  a  meat  grinder,  and  was  heated  in  a  double  boiler  with  about  one-half 
of  its  weight  of  whole  milk.  The  fat  was  quickly  released  from  the  tissues, 
and,  when  allowed  to  cool,  formed  a  cake  on  the  surface  of  the  liquid,  which 
was  easily  removed.  Mutton  suet  and  leaf  lard,  fresh  and  of  good  quality, 
"  tried  out "  in  this  way,  possessed  little,  if  any,  of  the  characteristic  mutton 
odor  and  flavor.  The  best  results  were  obtained  with  a  mixture  of  two  parts 
of  mutton  suet  and  one  of  leaf  lard,  finely  ground,  rendered  with  whole  milk 
in  proportion  of  i  pint  to  2  poimds  of  the  mixed  mutton  and  lard.  This  fat  had 
an  exceptionally  good  odor  and  flavor,  which  it  retained  when  kept  for  weeks 
in  an  ordinary  refrigerator.  It  was  also  of  good  color  and  texture,  being 
softer  than  the  mutton  fat  alone,  owing  to  the  milk  fat  and  lard  which  it  con- 
tained. If  such  fats  are  rendered  in  an  open  kettle,  a  moderate  heat  is  de- 
sirable, since  they  "  bum  on "  very  readily.  Rendering  in  a  double  boiler  is 
much  more  conveni«it.  In  nimaerous  tests,  such  fat  proved  satisfactory  either 
alone  or  with  a  little  butter  for  use  in  cooking  vegetables  and  for  other  pur- 
poses. 

Another  way  of  utilizing  mutton  fat  for  frying  and  other  culinary  purposes, 
Is  in  the  form  of  savory  fat,  similar  to  that  made  from  beef  drippings  and 
other  fats.  Such  savory  fat  may  be  easily  prepared.  For  each  pound  of  the 
carefully  rendered  mutton  fat,  allow  an  onion,  a  sour  apple,  and  a  teaspoon 
of  ground  thyme  or  mixed  herbs  tied  up  in  a  small  piece  of  cloth.  Cook  these 
in  the  fat,  at  a  low  temperature  in  the  oven  or  on  top  of  the  stove,  until  the 
onion  and  apple  are  thoroughly  browned.  Then  strain  off  the  fat,  which  will 
be  found  well  seasoned  and  may  be  used  in  place  of  butter  or  other  savory 
tat  for  seasoning  or  for  warming  of  potatoes,  cooking  vegetables,  and  in  other 
ways.  Winter  or  Hubbard  squash  cooked  in  the  mutton  fat  until  it  is  brown 
was  also  found  In  this  laboratory  to  impart  a  savory  flavor.  The  savoriness 
produced  by  the  use  of  fruits  and  vegetables  in  this  way  seems  to  be  due  to  the 
solution  in  the  fat  of  specific  flavoring  bodies  present  in  the  fruits,  vegetables, 
or  herbs,  and  to  the  fat  taking  up  some  of  the  caramelized  carbohydrate 
formed  when  the  fruit  or  vegetable  browns. 

The  fat  which  may  be  removed  from  mutton  broth  or  soup  is  useful  in 
many  similar  wajrs  in  cookery,  as  it  has  taken  up  flavor  from  the  vegetables 
of  the  soup.  After  the  soup  has  cooled,  remove  the  fat,  melt  it,  and  strain 
through  a  cloth.  Some  of  the  ways  of  using  savory  fat  are  noted  elsewhere 
in  this  bulletin.  (See  p.  16.) 
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The  Solldlfyliicr  Points  of  Xvtton  Fats. 

Pats  which  have  high  melting  points  have  also  high  solidifying  points,  and 
those  which  have  low  melting  points  have  low  solidifying  points.  Fats  which 
harden  at  about  blood  heat  are  not  commonly  liked  for  culinary  and  table 
purposes^  as  they  harden  when  eaten  and  make  the  lips  and  mouth  feel  "  furry." 
This  should  be  kept  in  mind,  particularly  in  the  serving  of  mutton.  In  this 
laboratory,  it  was  found  that  mutton  tallow,  which  melted  at  122**  F.,  could 
be  cooled  down  to  93'  F.  before  it  again  became  solid,  that  is,  to  several  degrees 
below  body  temi)erature  (98.4"  F.)  ;  that  fat  from  the  "covering"  of  the  leg, 
which  had  a  melting  point  of  114"  P.,  had  a  solidifying  point  of  SO"  F.:  that 
fat  from  the  lean  portion  of  the  leg,  which  had  a  melting  point  of  105"  F., 
had  a  solidifying  point  of  77**  F. ;  and  that  a  mixture  of  fats  from  the  covering 
and  the  lean  portion  of  the  leg  melted  at  107"  F.  and  solidified  at  82'  F.  The 
difference  between  the  solidifying  pointf  of  the  various  fats  e  cplains  the  fact 
familiar  to  all  housekeepers — that  one  mutton  fat  will  remain  liquid  on  a  wann 
platter  when  another  will  become  solid.  The  great  difference  between  the  melt- 
ing point  and  the  solidifying  point  of  the  Siime  fat  explains  why  it  is  that  when 
the  fats  of  mutton  are  once  liquefied,  they  can,  with  comparative  ease,  be  kept 
from  again  solidifying.  If  everything  connected  with  the  serving  of  mutton, 
particularly  of  those  cuts  which  are  likely  to  Include  kidney  fat,  is  kept  very 
hot  (and,  fortunately,  the  materials  out  of  which  serving  dishes  are  made, 
china  and  earthenware  and  metal,  retain  heat  for  a  long  time)  there  will  be 
little  danger  of  the  fat  hardening  during  the  period  of  an  ordinary  meal. 

TTse  of  Hutton  Fat  for  Gravies. 

The  fact  that  some  mutton  fats  solidify  easily  makes  it  necessary  to  take 
special  precautions  in  the  preparation  of  made  graWes,  i.  e.,  those  that  are 
thickened  with  flour,  for  if  the  fat  is  intimately  associated  with  the  flour  its 
hardening  Is  not  so  noticeable.  Of  the  two  methods  of  making  gravy  commonly 
employed — that  of  thickening  a  liquid  containing  fat  with  a  mixture  of  flour 
and  water,  and  that  of  heating  flour  in  the  fat  and  then  adding  the  liquid — the 
latter  Is  to  be  preferred  In  the  case  of  mutton.  It  should  be  added,  however, 
that  the  argument  for  this  method  is  based  chiefly  on  greater  palatablllty,  and 
the  fact  should  not  be  overlooked  that  some  persons  consider  gravies  so  made 
to  be  unwholesome  even  when  the  fat  has  not  been  heated  sufllciently  to  be 
decomposed,  a  belief  which  apparently  has  not  been  tested  In  the  laboratory. 

In  order  to  bring  together  the  various  ways  of  using  mutton  fat  into  the 
preparation  of  one  dish,  the  following  experiment  was  made:  In  the  making  of 
mutton  croquettes,  mutton  fat  was  used  in  three  ways — in  the  thick  white 
snuce  with  which  the  chopped  meat  was  mixed;  for  frying;  and  In  tomato 
sauce,  which  was  served  with  the  croquettes.  Except  for  the  frying,  fat  from 
the  leg  was  used ;  for  frying,  rendered  mutton  suet  was  used.  Pains  were  taken 
to  serve  the  croquettes  hot,  and  the  results  were  pronounced  satisfactory  by 
those  who  were  asked  to  pass  judgment  upon  the  dish. 

CAKE  OF  MTTTTON  IK  THE  HOME. 

Because  of  the  facility  with  which  mutton  absorbs  odors  and  flavors,  special 
care  should  be  taken  of  It  In  the  home.'  When  it  comes  Into  the  house,  it  should 
be  wii>ed  thoroughly  with  a  damp  cloth,  and  all  portions  that  have  the  slightest 
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unpleasant  odor  about  tbem  should  be  cut  off.  Such  portions  are  most  lik^y 
to  be  found  where  the  Inyer  of  meat  Is  thin  as,  for  example,  on  the  lower  end 
of  the  legt  on  the  flank,  or  on  the  ribs.  When  a  large  piece  of  mutton  is  bought, 
these  facts  should  be  kept  in  mind  in  determining  which  parts  should  be  used 
first  It  is  well,  for  example,  to  remove  the  flank  end  of  the  loin  and  part 
of  the  rib  bones  first,  and  use  them  for  soups  or  stews.  The  removal  of  the 
membrane  and  the  red  skin  from  the  surface  of  the  meat  before  it  is 
cooked  is  also  desirable.  In  roasting  mutton,  many  housekeepers  be- 
lieve that  it  is  well  to  keep  the 
meat  well  up  from  the  pan  by 
means  of  a  rack,  for  if  this  is  not 
done,  the  fat  of  the  meat  is  likely 
to  become  scorched  and  to  affect 
the  flavor  of  the  meat  itself. 


CXTTS  OF  XTTTTOK. 

For  the  wholesale  trade  a  carcass 
of  mutton  is  usually  cut  into  two 
pieces  of  almost  equal  weight  The 
line  of  cutting  is  between  the  first 
and  second  ribs.  The  back  half  or 
saddle  includes  leg  and  loin,  the 
fornix  being  about  two-thirds  and 
the  latter  one-third  of  the  weight 
Of  the  front  half  the  rack  or  rib 
constitutes  two-fifths  and  the  breast 
and  shoulder  (including  the  neck 
and  forel^)  about  three-fifths  of 
the  weight.  These  two  sa  ddles  when 
separated  lengthwise  make  the  fore 
and  hind  quarters — cuts  commonly 
bought  for  home  use.  Be^des  these, 
the  kidney,  heart,  tongue,  and 
brains  are  oft^i  used  for  food. 
The  head  is  often  sold  whole,  and 
the  feet  are  used  for  food  in  some 
places. 

The  method  of  cutting  meats  va- 
ries somewhat,  in  different  localities, 
bulletin 


Fig. 


1. — Matton    and 
whole  carcass ; 


Iamb   cuts:  A,   on    the 
B,  on  the  side. 


Fig.  1  is  based  on  data  reported  in  a 
of  the  Illinois  Experiment  Station,  and  shows  the  location  of  the 
larger  cuts  on  the  whole  carcass  (A)  and  on  the  side  (B).  Such  cuts  as  chops 
would  be  made  by  further  subdividing  the  cuts  indicated ;  for  instance,  the  rib 
cuts  would  be  cut  into  rib  chops. 

In  considering  the  uses  of  various  cuts  of  mutton  the  anatomy  of  the  animal 
should  be  noted  and  also  the  amount  of  exercise  which  the  different  parts  have 
received  during  life,  for  muscular  activity  tends  to  make  the  fiesh  tough  and 
at  the  same  time  is  thought  to  increase  the  amount  of  extractives  or  flavoring 
materlaL  Meat  taken  from  a  part  of  the  animal,  therefore,  which  has  been 
subjected  to  much  mnscular  action  is  likely  to  need  longer  cooking  than  that 

i  lUinois  Expt.  Sta.  Bui.  147. 
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taken  from  portionR  which  have  been  little  used.  Such  meat,  however,  is 
because  of  its  abundant  supply  of  extractives,  even  more  suitable  than  the 
tenderer  portions  for  making  full  flavored  soups,  broths,  and  stewa 

In  general  it  may  be  said  that  the  tenderest  portion  of  the  flesh  of  the  sheep, 
as  of  other  animals,  is  that  which  lies  under  the  backbone.  This  part,  wbi<di 
is  known  as  the  tenderloin,  is  found  partly  in  the  hind  quarter  and  partly  In  the 
fore  quarter.  It  constitutes  the  greater  part  of  the  edible  portion  of  the  loin 
and  an  even  greater  percentage  of  the  edible  portion  of  the  rib.  Bxcept  for  the 
rib,  the  fore  quarter  is  less  tender  than  the  hind  quarter,  for  its  muscles  have 
been  more  used. 

Th^  Hind  Quarter — The  Leg  and  Loin. 

The  hind  quarter  contains  a  smaller  percentage  of  bone,  besides  being,  as 
noted  above,  more  tender  on  the  average  than  the  fore  quarter.  For  these 
reasons  it  brings  a  higher  average  price  per  iwund  in  spite  of  the  fact  that  the 
rib  is  usually  higher  priced  than  any  cut  from  the  hind  quarter. 

The  leg  contains  the  smallest  percentage  of  waste  of  all  the  principal  cuts  of 
mutton.  It  is  often  roasted,  but  a  much  more  common  mode  of  preparation 
is  by  boiling.  Part  of  the  thicker  portion  of  the  leg  is  often  cut  off  in  the  form 
of  steaks.  When  the  leg  is  thus  reduced  in  shse,  it  is  better  to  steam  than  to 
boil  the  remaining  portion,  for  by  the  former  process  more  of  the  Juice  ia 
retained.    A  part  of  the  leg  is  more  convenient  for  roasting  than  the  whole. 

The  loin  Is  either  used  whole  or  is  cut  into  chops.  From  an  ordinary  loin 
8  to  10  chops  1  inch  thick  may  be  cut  If  an  attempt  is  made  to  cut  a  larger 
number,  part  of  the  hip  bone  is  likely  to  be  included.  The  true  loin  contains 
only  the  small  bones  of  the  spine.  A  saddle  of  mutton,  as  the  term  is  used 
in  cookery,  consists  of  the  two  sides  of  the  loin  cut  off  in  one  piece.  A  very 
thick  chop  from  the  loin  is  called  an  English  chop. 

The  loin  includes,  besides  the  tenderloin,  a  small  amount  of  comparatively 
tough  meat  from  the  flank.  Since  the  percentage  of  this  tough  meat  is  small, 
this  cut  is  suitable  for  being  cooked  by  the  quicker  processes,  i.  e.,  by  roasting, 
broiling,  panbroiling,  and  frying.  Sometimes  the  flank  is  rolled  around  the 
tenderloin  and  skewered  in  order  to  make  a  more  shapely  piece  of  meat. 

The  Fore  Quarter— The  Kib,  Shoulder,  and  Breast. 

WTille  the  fore  quarter  has  the  disa vantage  over  the  hind  quarter  of  having  a 
larger  percentage  of  bone  and  b^ng  tougher,  it  has  the  very  great  advantage  of 
being  more  abundantly  supplied  with  extractives  or  flavoring  substances.  With 
the  exception  of  the  rib,  therefore,  it  is  especially  suitable  for  the  preparation 
of  broths,  soups,  stews,  or  frlcasseea  The  meat  of  the  neck  is  so  tough  and 
the  percentage  of  bone  is  so  great  that  it  is  seldom  used  In  this  country  except 
for  broths,  for  which  its  fine  flavor  and  richness  in  extractives  makes  it  par- 
ticularly suitable.  In  other  countries  cutlets  are  often  taken  from  the  neck. 
Such  use  demands  special  care  in  getting  the  meat  into  shape  after  the  bone  has 
been  removed,  but  the  flne  flavor  of  the  meat  is  likely  to  make  this  extra  work 
seem  worth  while. 

The  rib  contains,  besides  the  tenderloin,  a  small  amount  of  tougher  meat  lying 
parallel  with  the  bone.  This  is  sometimes  trimmed  away  to  make  what  is 
known  as  the  French  chop.  The  percentage  of  bone  in  the  rib  is  greater  than 
that  in  the  loin — a  point  which  must  be  taken  into  consideration  in  estimating 
the  comparative  values  of  the  cuta  The  rib  is  somewhat  less  convenient  to  use, 
too,  than  th^  loin,  for,  because  of  the  position  of  the  boue8>  there  is  less  choice 
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about  the  thickness  of  the  chops.  The  rib,  being  very  tender,  may  be  prepared 
by  the  same  quick  processes  as  the  loin,  i.  e.,  by  roasting,  broiling,  panbroiling, 
and  deep-fat  frying.  Since  the  chops  are  usually  thinner  than  loin  chops,  they 
are  especially  suitable  for  being  egged,  crumbed,  and  fried  in  deep  fat,  for  by 
this  process  little  Juice  is  lost. 

The  breast  may  be  rolled  and  roasted,  but  it  will  usually  be  found  desirable  to 
cook  it  for  a  short  time  in  water  first  The  shoulder  is  roasted  either  whole  or 
with  the  bone  removed.  If  the  bone  is  removed,  the  space  should  be  filled  with 
a  !«vory  dressing. 

XidneyS)  liyer,  Heart,  and  Head. 

The  kidneys  are  broiled,  fried,  or  stewed.  The  liver  is  usually  braised.  The 
heart  is  cooked  in  water  after  having  been  fried.  The  head  may  be  cooked 
whole  in  a  small  amount  of  water  and  the  meat  removed  from  the  boues  aiul 
scalloped.  The  brains  are  boiled  and  then  fried.  The  tongue  is  boiled  or  imr- 
boiled,  after  which  it  may  be  prepared  in  a  great  variety  of  ways. 

JlTDGINa  XlTTTOir. 

There  are  a  number  of  points  which  should  be  borne  in  mind  when  purchasing 
mutton  for  the  table.  The  lean  portion  of  the  meat  should  bo  firm,  finely 
grained,  and  of  a  deep  red  color.  The  fat  should  be  well  distributed.  The  leg 
^ould  be  nearly  covered  with  a  layer  of  fat  and  there  should  also  be  a  thick 
layer  over  the  back.  This  outside  layer  is  often  in  the  trade  referred  to  as 
the  "  covering."  The  fat  itself  should  be  white,  hard,  brittle,  and  flaky.  The 
'*  mottling  *'  of  the  flesh  with  fat,  which  is  so  important  a  sign  of  good  quality 
in  beef,  is  considered  of  less  importance  in  judging  mutton. 


Fig.  2. — Quality  and  economy  of  matton  as  related  to  distribution  of  fat  and  lean  :  a,  fat 
layer  around  lean  too  small  for  good  quality ;  "b,  fat  and  lean  well  distributed ;  c,  fat 
layer  too  large  and  corresponding  waste  too  great. 

For  superior  quality,  lean  and  fat  should  be  well  diatribute<l,  i.  e.,  the  lean 
IK)rtion  should  contain  a  fair  percentage  of  fat  in  its  tissue  and  be  surrounded 
wholly  or  in  part  by  a  reasonable  layer  of  fat.  The  right  distribution  of  fat 
Is  important  since  it  affects  both  flavor  and  quality.  If  the  meat  is  too  lean. 
It  is  not  so  palatable  when  cooked;  if  too  fat,  it  is  not  economical,  since  the 
excessive  quantity  would  remain  uneaten,  and  when  purchased  in  the  form  of 
an  expensive  roast  is  high  in  cost  in  comparison  with  similar  fat  which  could 
be  purchased  for  culinary  use.     Fig.  2  illustrates  these  points. 

WASTE  IN  YA&IOtrS  CTTTS. 

In  estimating  the  relative  values  of  the  various  cuts  and  the  prices  which 
should  be  paid  for  them  per  pound  it  is  necessary  to  know  the  percentage  of 
waste  in  each.  The  I'ollowing  figures  from  an  earlier  bulletin*  of  the  depart- 
ment repres«it  averages  of  a  number  of  determinations:  Side  (including  tal- 
low), 19.3  per  cent  waste;  side  (excluding  tallow),  18.1  per  cent;  hind  quarter, 
17.2  per  cent;  fore  quarter,  average  21.2  per  cent:  leg,  17.7  i>er  cent;  loin  (which 
includes  rib  and  is  without  kidney  or  kidney  fat),  14.8  per  cent;  shoulder,  22.1 
per  cent ;  and  neck,  26.4  per  cent. 

^  U.  S.  Dept  Agr.,  Office  Ezpt.  Stas.  Bui.  28. 
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LOSSES  OF  WEIGHT  IN  COOEIK0  XTTTTOK  AND   OTHEB  KEATS. 

There  have  been  reported  In  another  bnlletln  of  this  department^  ^cperiments 
made  for  the  purpose  of  determining  the  effect  of  cooking  npoa  the  compositioii 
of  various  kinds  and  cuts  of  meat  In  the  course  of  this  work,  comparable  cuta 
of  mutton  and  beef,  both  taken  from  the  leg,  and  with  nearly  the  same  percent- 
age of  fat,  were  prepared  in  the  same  way,  i.  e.,  by  being  bofled  in  water  for 
three  hours.  The  results  showed  that  the  nitrogenous  extractives  which  are 
so  valuable  a  part  of  meat  broths  were  as  high  in  the  mutton  broth  as  in  the 
beef  broth.  On  the  other  hand,  the  percentage  of  fat  In  mutton  broth  was 
noticeably  higher  than  in  the  beef  broth,  although  the  meat  from  which  the 
broth  was  made  had  a  slightly  smaller  i^erceutage  of  fat.  This  would  indicate 
that  mutton  fat  is  removed  more  easily  from  the  tissues  in  the  process  of 
cooking  than  is  beef  fat 

EFFECT  OF  HEAT  ITFON  THE  TARI0TT8  CONSTITTTENTS  OF  MITTTON. 

In  considering  the  various  ways  of  preparing  mutton,  the  effect  of  heat  upon 
Its  different  constituents  should  be  noted.  The  proteins  of  mutton,  as  of  other 
meats,  fere  numerous,  but  they  fall  naturally  into  two  classes — those  wlilch  are 
insoluble  in  cold  water  and  those  which  are  soluble.  In  a  previous  publicatioa 
of  this  department  *  it  was  shown  that  in  the  case  of  beef  the  protons  soluble 
in  water  constituted  about  13  per  cent  of  the  whole,  and  the  proteins  of  mnttOB 
probably  differ  slightly  in  this  respect  from  those  of  beef.  Both  the  soluble  and 
insoluble  proteids  are  hardened  by  the  application  of  heat,  and  a  large  per- 
centage of  the  soluble  proteins  are  rendered  insoluble.  In  the  publicatioo 
referred  to,  it  was  stated  that  of  the  proteins  of  beef  which  had  been  cooked 
in  hot  water  for  several  hours  only  0.4  per  cent  were  soluble,  as  compared  witli 

13  per  cent  In  the  raw  meat 

When  meat  is  soaked  in  cold  water,  not  only  are  the  soluble  proteins  removed 
but  also  all  of  the  extractives  or  flavoring  mat^ials  and  a  large  percentage  of 
the  mineral  matter.  When  this  water  extract  is  heated,  the  proteins  begin  to 
coagulate  at  52°  C,  or  about  126'  F.  The  process  setuns  to  be  completed  at 
about  85**  C,  or  about  185**  F.  The  extractives,  on  the  other  hand,  are  not 
made  insoluble  by  heat  and  remain  in  solution  even  at  the  temperature  of  boil- 
ing water. 

The  effect  of  hot  water  during  cooking,  either  the  water  naturally  present  In 
the  meat  or  that  in  which  meat  is  cooked,  upon  the  gelatinoids  of  the  meat, 
which  form  the  chief  solid  constituent  of  its  connective  tissue,  is  to  convert 
them  into  gelatin — a  substance  which  unites  with  water  to  form  a  JeUy.  The 
effect,  therefore,  of  long-continued  cooking  of  meat,  particularly  in  water,  is  to 
soften  or  destroy  the  connective  tissue,  and  thus  to  separate  the  fibers  of  the 
meat  from  each  other. 

The  fat,  which  constitutes  a  large  percentage  of  the  nutrients  of  meat,  is  not 
affected  chemically  in  cooking  except  by  very  high  temperatures,  such  as  may  be 
obtained  in  frying,  broiling,  and  roasting.  When  due  care  is  taken,  the  effect 
of  cooking  it  is  merely  to  release  it  from  the  tissues.  The  very  high  tempera- 
ture to  which  fat  can  be  brought  without  being  changed,  accounts  for  its  useful- 
ness in  the  culinary  process  known  as  "basting,"  which  consists  in  repeatedly 
searing  the  surface  of  the  meat  while  it  is  being  roasted  by  pouring  hot  fat  or 
a  mixture  of  hot  fat  and  water  over  it 

^  U.  S.  Dept  AgTf  Office  Ezpt  Stas.  Bui.  162. 
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XETHODS  OF  COOKIN0  KUTTOK. 

In  the  following  pages  there  are  given  a  large  number  of  recipes  which  have 
been  brought  together  from  many  sources.  Most  of  them  are  for  standard 
dishes.  Some  of  them,  however,  are  for  dishes- which,  though  highly  esteemed 
In  other  countries,  are  not  well  known  in  the  United  Stales,  and  a  few  are  for 
lather  complicated  dishes.  The  insertion  of  these  recipes  for  anfamiliar  and 
elaborate  dishes  should  not  be  taken  to  indicate  that  a  greater  value  is  placed 
upon  them  than  upon  mutton  prepared  by  the  simple  methods  of  boiling,  roast- 
ing, or  broiling.  They  are  included  because  tests  have  shown  them  to  be  palat- 
able, and  because  a  knowledge  of  many  ways  of  preparing  any  given  food  is 
an  easy  way  of  securing  variety  in  the  diet.  More  necessary  than  to  know  how 
to  prepare  mutton  in  a  variety  of  ways  is  to  keep  in  mind  the  ess«itial  factors 
which  contribute  to  its  satisfactory  preparation  in  simple  ways,  1.  e.,  the  careful 
removal  of  all  portions  having  an  unpleasant  odor,  the  master  of  the  art  of 
preparing  well  a  simple  gravy,  and  care  to  keep  hot  such  dishes  as  are  intended 
to  be  served  hot 

Even  if  we  recognize  the  advantage  of  simple  methods  skillfully  followed 
out  over  complicated  methods,  we  must  recognize  also  that  if  a  greater  number 
of  modes  of  preparation  were  understood  in  this  country  and  if  a  greater 
variety  of  savory  sauces  were  used  the  possibilities  of  serving  mutton  in  ac- 
ceptable forms  would  be  greatly  increased. 

That  quality  of  mutton  which  makes  it  absorb  odors  and  flavors  easily  is  an 
advantage  la  cooking,  for  its  own  flavor  combines  easily  with  that  of  the 
Tarious  seasonings  in  cooking,  and,  for  this  reason,  the  meat  yields  itself  readily 
to  the  preparation  of  savory  dishes.  The  experience  of  cooks  has,  in  fact, 
taught  two  general  ways  of  cooking  mntton,  one  of  which  consists  in  developing 
Its  own  flavor  by  cooking  it  alone,  and  the  other  in  uniting  it  with  highly 
seasoned  vegetables  or  other  substances  in  such  a  way  as  to  modify  its  flavor 
and  to  produce  a  new  flavor  by  the  combination.  The  two  methods  are  well 
illustrated  by  recipes  for  boiling  mutton  given  on  pages  17  and  18.  The  first  of 
these  directs  that  it  be  cooked  hi  water  unseasoned  by  other  substances  than 
salt;  the  second,  that  such  substances  as  herbs,  onions,  or  garlic  be  rubbed  into 
the  meat  and  bound  closely  to  its  surface  by  means  of  a  cloth  before  the  meat  is 
put  into  water. 

XETH0B8  OF  KEASTTRING. 

Many  of  the  recipes  brought  together  for  this  bulletin  were  very  indefinite  in 
their  statement  of  amounts  of  ingredienta  For  this  reason  special  attention  has 
been  given  to  the  matter  of  measurements,  and  wherever  it  has  been  considered 
essential  the  amounts  are  given  exactly.  The  measurements  in  all  cases  are 
leveL  A  teaspoonful  of  an  ingredient,  for  example,  means  enough  to  come  up 
to  the  edge  of  the  bowl  of  the  spoon.  Such  an  amount  is  conveniently  measured 
by  first  taking  up  more  than  is  needed  and  then  pushing  off  any  in  excess  by 
means  of  a  knife,  allowing  the  edge  of  the  knife  to  rest  on  the  spoon. 

XAxnra  of  soitps  and  broths. 

An  object  to  be  kept  in  mind  in  the  making  of  broths  and  soups  is  to  get  as 
much  as  possible  of  the  flavoring  bodies  and  of  the  nutritive  material  of  the  meat 
tnto  solution  or  suspension  in  the  water.  This  is  accomplished,  flrst,  by  divid- 
ing the  meat  into  small  pieces  in  order  to  increase  the  surface  exposed,  and, 
second,  by  keeping  the  temperature  low  in  order  to  prevent  the  proteids  from 

526 


Digitized  by 


Google 


14  MUTTON  AND  ITS  VALUE  IN   THE  DIET. 

coagulating.  When  the  water  in  which  the  meat  hasp  been  soaked  is  brought 
to  the  temperature  of  about  52**  C,  the  dissolved  protelds  begin  to  harden  and 
rise  to  the  surface  in  the  form  of  scum.  This  scum  is  often  removed  for  esthetic 
purposes,  but  It  should  be  rem^nbered  that  the  effect  of  doing  this  Is  to  reduce 
the  nutritive  value  of  the  broth.  Whenever  there  is  the  slightest  doubt  about 
the  quality  or  the  freshness  of  the  meat,  howev^,  the  removal  of  the  scum  is 
recommended,  for  under  these  circumstances  its  removal  seems  to  improve  tlie 
flavor. 

Practically  the  only  nutritive  material  left  in  a  broth,  which  has  been  cleared 
and  from  which  the  fat  has  be^i  removed,  is  g^atin  and  a  little  mineral  matter. 
Gelatin  is  usually  described  as  a  protein  i^mrer.  So  far  as  we  know  at  present, 
it  does  not  have  much  value  either  in  building  or  repairing  tissues.  However, 
wh«i  it  is  taken  in  the  food,  less  protein  seems  to  be  required.  The  amount  of 
gelatin  present,  ev&i  in  the  richest  soup,  is  very  ^knall,  and  for  invalids  it  la 
sometimes  desirable  to  leave  the  albumin  of  the  meat  juice  la  solution  in  the 
broth.    This  can  be  done  if  the  broth  is  not  heated  above  180**  F. 

Recipes  for  mutton  broths  and  soups  follow: 

Mutton  Juice  and  "Extract.'' 

Mutton  Juice  or  "  extract "  may  be  prepared  according  to  any  of  tb©  iniys 
recommended  for  beef  juice  or  homemade  "extract."  One  way  is  to  broil  a 
piece  of  the  meat  on  both  sides,. and  then  cut  it  into  small  pieces  and  extract 
the  juice,  for  instance,  by  pressing  it  with  a  lemon  squeezer  or  between  two 
plates  with,  a  heavy  weight  on  top.  The  object  of  broiling  has  usually  been 
said  to  be  **to  start  the  flow  of  the  juice."  An  additional  reason,  however, 
may  be  found  in  a  bulletin  of  this  department*  which  shows  that  there  is  a 
much  greater  percentage  of  soluble  material  in  meats  cooked  by  dry  methods, 
such  as  roasting,  broiling,  frying,  and  panbroiling,  than  In  those  cooked  in  hot 
water.  A  less  concentrated  extract  is  made  by  cutting  the  meat  into  small 
pieces  and  cooking  it  in  water  with  the  precaution  mentioned  above— that  of 
keeping  the  water  below  130  F.  This  is  most  conveniently  done  in  a  double 
boiler  or  in  a  glass  fruit  jar  immersed  in  water. 

Xutton  Broth. 

3  poimds  mutton  from  the  neck.  I  3  tablespoons  rice  or  barley. 

2  quarts  cold  water.  |  1  teaspoon  salt 

Wipe  the  meat,  remove  the  skin  and  fat,  and  cut  the  meat  into  small  pieces. 
Put  into  the  kettle  with  bones,  and  cover  with  the  water.  Heat  gradually  to 
the  boiling  point  and  season  with  salt  and  with  pepper  if  liked.  Cook  slowly 
until  the  meat  is  tender,  strain,  and  remove  the  fat.  Reheat  to  boiling  point, 
add  the  rice  or  barley,  and  cook  until  the  rice  or  barley  is  tender.  If  barley  is 
used,  soak  it  over  ni^t  in  cold  water. 

Mutton  Soup. 


4  pounds  mutton  from  the  neck. 

3  quarts  cold  water. 

3  carrots. 

2  turnips. 

1  small  cabbage  or  part  of  a  larger 

cabbage. 
1  stalk  celery. 


Few  sprigs  parsley. 
1  medium-sized  onion, 
6  cloves. 
1  sprig  thyme. 

1  sprig  marjoram. 

2  tablespoons  salt. 


Wipe  the  meat  carefully,  cut  Into  small  pieces,  and  cover  with  the  water. 
Bring  very  slowly  to  the  boiling  point  and  skim.  Add  the  vegetables  cut  Into 
nnall  pieces  and  other  seasoning,  and  cook  slof^y  for  three  hours.  Strain,  cool* 
and  remove  the  fat.  Serve  either  clear,  with  rice,  or  with  the  vegetables  finely 
chopped. 
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XTrTTOB'  STEWS. 

In  preparing  mutton  for  stews,  several  different  plans  may  be  followed. 
The  meat  may  be  cut  Into  small  pieces  and  cooked  in  water,  or  It  may  be  first 
browned  in  fat  before  being  cooked  in  water.  Another  way  is  to  mince  the  raw 
meat,  cook  in  a  little  fat,  and  then  combine  with  vegetables.  This  is  suitable 
when  the  vegetables  used  are  very  Juicy  as  in  Minced  Mutton  with  Eggplant 
(See  p.  2a) 

Curry  of  Mutton. 


2  pounds  mutton  from  the  fore  quarter. 
1  onion. 

1  teaspoon  vinegar. 

2  tablespoons  flour. 


1  teaspoon  curry  powder. 

Salt. 

BolHug  water. 


Cut  off  small  portions  of  the  fat  and  try  them  out  Remove  the  unmelted 
portions,  and  in  the  remainder  fry  the  meat  until  It  is  a  delicate  brown.  Add 
the  onions  and  ix>ur  over  all  enough  boiling  water  barely  to  cover.  Cook 
until  the  meat  is  tender.  Add  the  curry  powder,  vinegar,  and  salt  Remove 
the  meat,  reduce  the  broth  to  one  cup,  and  thicken  it  with  flour  diluted  with 
cold  water.    Add  the  meat  to  the  gravy  and  reheat.     Serve  with  rice. 

Okra  and  Mutton  Stew. 


2  cups  okra.  cut  into  thin  slices, 
li  teaspoons  salt 
i  teuRpoou  pepper. 
Water. 


1  pound  lean  mutton  free  from  bone. 

2  tablespoons  butter  or  drippiug& 
2  tablespoons  flour. 
2  onions. 
2  cups  tomatoes. 

Wipe  the  meat  and  cut  it  into  cubes.  Wash  the  okra  and  cut  into  thin  slices, 
dredge  it  and  the  meat  with  the  flour,  and  fry  them  In  the  fat  until  brown. 
Add  the  other  ingredients,  using  water  enough  barely  to  cover  and  cook  slowly 
either  in  the  oven  or  on  top  of  the  stove  in  a  tightly  covered  dish. 

Scotch  Broth. 


1  quart  rich  mutton  broth  free  from 

fat 
1  carrot. 

1  turnip. 

2  onions. 


4  stalks  celery. 

2  tablespoons  butter  or  mutton  fat. 

2  tablesi)oous  flour. 

Salt. 


The  liquor  in  which  mutton  is  boiled  may  be  used  in  preparing  this  dish,  but 
it  will  usually  need  to  be  boiled  down.  Cut  the  vegetables  into  small  pieces 
and  cook  them  slowly  in  the  stock  for  two  hours.  Rub  the  flour  and  butter 
together  and  add  to  them  a  little  of  the  hot  broth.  Stir  until  the  mixture  is 
smooth,  then  add  it  to  the  broth. 

When  no  mutton  stock  is  on  hand,  prepare  it  from  2  pounds  of  mutton  from 
the  fore  quarter.  Remove  the  meat  from  the  bone  and  cut  into  small  pieces 
and,  for  convenience,  tie  the  bones  in  a  small  piece  of  cloth  and  cook  In  the 
same  water  in  which  the  meat  is  cooked.  In  this  case,  serve  the  meat  with  the 
broth. 

Ragout  of  Mutton  with  Farina  Balls. 


IJ  pounds   neck   of  mutton   cut   into 

small  pieces. 
1  tablespoon  butter. 
1  tablespoon  flour. 
1  onion  cut  into  small  pieces. 
1  carrot  cut  into  small  pieces. 


1  teaspoon  salt. 

1  teasi>oon   pepper. 

i  bay  leaf. 

1  sprig  imrsley. 

6  cloves. 

1  cup  fresh  j>ea»  or  i  can  peas. 


2  cups  hot  water. 

Put  the  butter  into  a  frying  pan.  When  melted  add  the  flour  and  let  it 
terown.  Then  add  all  the  other  ingredients  except  the  iHias,  and  cook  slowly 
for  two  hours.    A  short  time  before  serving,  add  the  i>eas. 

526 


Digitized  by 


Google 


16 


MUTTON  AND  ITS  VALUE   IN   THE  DIET. 


Serve  with  farina  balls  made  as  follows : 


1  cup  farina. 
1  cup  milk. 
i  teaspoon  salt 


i  teaspoon  pepper. 
Few  drops  onion  juice. 
Yolk  1  egg. 


Cook  farina  and  milk  in  the  double  boiler  one  hour.  Add  seasonings  and 
well-l)eaten  yolk.  Stir  well  and  cool.  When  cold,  roll  into  balls.  Dip  in  egg 
and  crumbs  and  fry  in  deep  fat.    Rice  may  be  used  in  a  similar  way. 

Ragout  of  Mutton  with  Summer  Squash. 


2  pounds  mutton  from  the  shoulder  or 

breast. 
1  onion. 
1  medium-sized  summer  squash. 

1  sweet  green  pepper. 

2  stalliLS  celery. 


4  medium-sised  potatoes. 

i  teaspoon  powdered  thyme. 

i  teaspoon  powdered  marjoram. 

Bit  of  bay  leaf. 

Garlic.     (See  below.) 

Salt. 


Cut  the  meat  into  small  cubes  and  place  in  a  deep  baking  dish.  Cook  in  a 
hot  oven  until  well  browned.  Add  the  onion  cut  into  cubes,  the  summer  squash 
sliced,  sweet  peppers  and  celery  cut  into  small  pieces,  and  the  other  seasoninga 
Sufficient  flavor  of  garlic  will  be  obtained  by  rubbing  the  dish  with  a  clove  of 
garlic  or  by  adding  a  very  thin  slice  from  one  of  the  clovea  Cover  the  dish 
and  allow  the  vegetables  to  cook  for  an  hour  with  the  meat,  without  the  addi- 
tion of  water.  Then  add  the  potatoes,  cut  into  slicea  Cover  the  dish  again  and 
cook  for  another  hour. 

Bagout  of  Mutton  with  Eggplant. 

Follow  the  directions  given  in  the  above  recipe,  substituting  an  eggplant  for 
the  summer  squash. 

Syrian  Stew. 


2  cups  raw  mutton  cut  into  cubes. 

2  tablespoons  fat 

3  tablespoons  flour. 
2  cups  string  beans. 


2  onions. 

2  cups  tomatoes. 

Salt 

Water. 


Dredge  the  meat  with  the  flour  and  brown  it  in  the  ftit  Put  all  the  ingre- 
dients in  a  stewpan,  scraping  from  the  frying  pan  all  of  the  flour  and  fat,  and 
add  enough  water  barely  to  cover.    Cook  slowly  until  the  meat  is  tender. 

Haricot  of  Mutton. 


2  tablespoons  butter  or  drippings. 
2  tablespoons  chopped  onions, 
li  pounds  lean  mutton  cut  into  2-inch 
pieces. 


2  cups  water. 
Salt  and  peppar. 
Lima  beans. 
Chopped  parsley. 


Fry  the  onions  in  the  butter,  remove  the  onions,  add  the  meat  uBd  brown; 
cover  with  water  and  cook  until  the  meat  is  tender.  Serve  with  a  border  of 
Lima  beans,  seasoned  with  salt  pepper,  butter,  and  a  little  chopped  parsley. 
Fresh,  canned,  dried,  or  evaporated  Lima  beans  may  be  used  in  making  this 
dish. 

Stewed  Sheep's  Hearts. 


{  teaspoon  pepper, 
li  pints  boiling  water. 
Salt 


2  sheep*s  hearts. 

2  ounces  fat  salt  pork. 

2  tablespoons  minced  onion. 

2  tablespoons  flour. 

Split  and  wash  the  hearts,  season  them  with  the  salt  and  pepper,  and  roll 
them  in  the  flour.  Try  out  the  pork,  and  add  the  onions  to  the  pork  fat  and 
cook  them  10  minutes.  At  the  end  of  that  time,  remove  the  pork  and  onions 
to  a  stewpan  and  fry  the  hearts  in  the  fat.  Transfer  hearts  to  the  stewpan. 
Binae  the  frying  pan  with  the  wat^,  which  should  then  be  poured  over  the 
hearts.  Use  the  flour  that  remains  after  the  hearts  are  rolled  to  thicken  tlie 
broth.    Cook  the  hearts  in  the  gravy  for  three  hours,  being  careful  to  keep  tbe 
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temperature  Just  below  the  boiling  point.    At  serving  time,  the  hearts  are 
UBnally  sliced  and  the  gravy  poured  orer  them. 

Sheep's  Tongues. 

6  sheep's  tongues. 

2  carrots  cut  into  small  pieces. 

1  pint  boiling  water. 

1  large  onion  cut  into  small  pieces. 


2  slices  bacon, 
i  cup  capera 

3  small  cucumber  picljles. 
Salt  and  pepper. 


Scald  and  blanch  the  tongues,  removing  the  skins  and  then  throw  the  tongues 
Into  cold  water  until  ready  to  use.  Cut  a  slice  of  bacon  into  fine  strips  and  lay 
them  in  the  bottom  of  a  saucepan;  place  over  this  the  lamb  tongues  seasoned 
with  salt  and  pepper,  and  over  the  tongues  another  layer  of  bacon  in  very  fine 
Btripa  Add  the  minced  carrots  and  onion;  salt  and  pepper  again  to  taste  and 
let  the  tongues  simmer  for  about  15  minutes,  and  then  moisten  with  about  a 
pint  of  boiling  water  or  broth.  Cook  slowly  about  three  hours.  Then  take  out 
the  tongues,  place  them  on  a  hot  dish,  strain  the  sauce,  reheat,  and  add  one- 
fourth  cup  of  cai)ers  and  three  small  cucumber  pickles,  sliced  thin.  Stir 
well  and  let  the  sauce  boil  up  once.    Pour  over  the  tongues  and  serve. 

BOniirG,  STEAHIlfG,  AKD  BKAISING. 

Boiling,  as  the  term  is  usually  used,  consists  in  cooking  in  water  enough 
to  cover,  and  at  the  temperature  of  boiling  water.  The  best  results  are  ob- 
tained by  using  large  pieces  of  meat  because,  in  this  case,  less  of  the  flavoring 
material  Is  lost  than  If  the  meat  is  cut  into  small  pieces.  Recipes  for  boiling 
meat  usually  direct  that  the  meat  be  put  into  boiling  water,  and  that  the 
temperature  be  again  brought  to  the  boiling  point  as  quickly  as  possible  and 
kept  there  for  a  few  moments  in  order  that  the  proteins  on  the  surface  of  the 
meat  may  coagulate  and  form  a  crust.  It  has  been  thought  that  by  this  means  a 
crust  is  formed  which  tends  to  keep  in  the  Juices  of  the  meat  In  a  previous  bul- 
letin of  this  department,*  however,  It  has  been  shown  that  experiments  do  not 
bear  out  this  belief.  Pieces  of  meat  were  put  Into  cold  water  and  slowly 
brought  up  to  the  boiling  point,  and  similar  pieces  were  plunged  Into  boiling 
water.  At  the  end  of  the  given  time  it  was  found  that  there  was  no  essential 
difference  between  the  amount  of  material  which  had  been  extracted  from  the 
meat  in  the  two  cases. 

For  the  common  custom  of  searing  the  surface  of  the  meat  in'  hot  fat  before 
boiling  It,  there  is  more  theoretical  justification,  for  the  high  temperature 
develops  new  flavors  and  also,  as  we  have  said  before,  this  form  of  cooking 
tends  to  increase  the  soluble  materials  of  the  meat 

Two  substitutes  for  boiling  by  ordinary  methods  should  be  mentioned.  One 
is  braising,  which  consists  In  cooking  In  a  closely  covered  earthenware  dish  in 
the  OY^i;  the  other  is  cooking  in  a  fireless  cooker.  The  f<>rmal  name  of  the 
dish  used  for  braising  is  the  **  casserole,"  but  any  heavy  dish  supplied  with  a 
close-fitting  cover  will  serve  the  purpose.  A  heavy  plate  may  be  used  for  the 
cover.  The  advantage  of  this  way  of  cooking  over  ordinary  boiling  Is  that  less 
water  Is  necessary  and  the  broth  Is,  therefore,  richer.  The  advantage  of  cook- 
ing In  a  fireless  cooker  is  that  It  Is  not  necessary  to  watch  the  meat  during  the 
process.  When  this  method  Is  employed  in  cooking  a  leg  of  mutton,  3  or  4 
quarts  of  water  should  be  used  and  the  meat  should  be  boiled  for  one-half  hour 
before  it  is  placed  in  the  cooker,  and  should  be  cooked  six  hours  or  more  after- 
wards. 

Boiled  Leg  of  JCutton. 

After  wiping  the  meat  thoroughly  with  a  damp  cloth,  cover  it  with  water 
which,  if  haste  is  an  object,  should  be  hot    Cook  about  15  minutes  for  eaoh 
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pound,  keeping  the  temperature  a  little  below  the  boiling  point.  The  proper 
temperature  will  be  indicated  by  a  slight  bubbling.  When  the  meat  is  partlj 
done,  add  the  salt  and  water. 

Boiled  Xatton  with  Vegetables. 

To  the  water  in  which  a  leg  of  mutton  is  boiled  the  following  may  be  added : 


2  sliced  carrots. 

1  sliced  turnip. 

2  sliced  onions. 


2  stalks  celery. 

1  bay  leaf. 

2  cloves. 


The  advantage  of  using  these  additional  substances  is  that  besides  flavoring 
the  meat  and  making  an  attractive  garnish  for  it,  they  add  flavor  to  the  broth 
and  thus  improve  it  for  use  in  soups  or  sauces. 

Boiled  Mutton  with  Sweet  Herbs. 

After  the  leg  of  mutton  ha.s  been  wiped,  mix  the  following  and -spread  over 
the  surface.  Wrap  the  meat  in  a  cloth  and  fasten  the  cloth  about  the  meat  by 
means  of  a  cord  or  skewers  in  order  to  hold  the  seasonings  close  to  the  surface : 


1  clove  of  garlic,  finely  chopped. 

1  finely  chopped  onion. 

1  teaspoon  powdered  thyme. 


1  teaspoon  i)owdered  sweet  marjoram. 
1  teaspoon  salt. 


Boiled  Mutton  with  Ojrster  Sauoe. 

4  pounds  mutton  from  the  shoulder.    1  1  i)lnt  oysters. 
1  onion.  I  Salt. 

Bone  the  mutton  and  stuff  with  half  the  oysters,  or  make  a  gash  in  the  meat 
near  the  bone  and  insert  half  the  oysters  and  tie  into  shape.  Half  cover  the 
meat  with  water  and  cook  in  a  closely  covered  dish  for  2  houra  With  the 
remaining  oysters  make  the  following  sauce: 

OYSTER    SAUCE. 


i  cup  of  the  liquid  in  which  the  mut- 
ton has  been  boiled. 


2  tablespoons  butter  or  mutton  fat. 
1  tablespoon  flour. 
i  pint  oysters. 

Drain  the  oysters  and  heat  and  strain  the  liquor.  Wash  the  oysters,  add 
them  to  the  hot  oyster  liquor  and  cook  until  they  are  plump.  Remove  the 
oysters  and  keep  warm  while  making  a  sauce  of  the  butter,  flour,  oyster  liquor, 
and  mutton  stock.    Add  the  oysters  and  season  with  salt  and  pepper. 

Steamed  Mutton. 

Small  pieces  of  mutton  may  be  very  satisfactorily  prepared  by  covering  the 
surface  with  iA)wdered  or  finely  chopped  seasonings,  as  suggested  in  the  fore- 
going recipe,  and  steaming  it,  or  it  may  be  steamed  without  the  seasonings. 

Sauces  for  Boiled  or  Steamed  Mutton. 


CAPEB   SAUCE. 


i  cup  butter  or  mutton  fat. 

1^  cups  hot  water  or  mutton  broth. 

2  tablespoons  flour. 


I  teaspoon  salt. 

i  cup  capers  drained  from  their  liquor. 


Melt  half  the  butter  or  all  the  mutton  fat,  add  the  flour,  and  cook  thoroughly. 
Pour  the  hot  water  or  stock  on  gradually.  Before  serving,  add  the  remaining 
butter  (if  this  Is  the  fat  used  In  preparing  the  dish)  and  the  cai)ers.  If  the 
gravy  is  made  somewhat  thicker  than  as  above  directed  it  can  be  spread  over 
the  surface  of  the  meat.  This  covers  any  Irregularities  In  the  surface  and  Is 
thought  by  some  people  to  improve  the  appearance  of  the  dish. 
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MOCK  CAPER  SAUCE. 

For  the  capers  in  the  above  recipe,  chopped  sour  pickles  inay  be  substituted. 

PABSLEY    SAUCE. 


2  tablespoons  hotter  or  mutton  fat. 

2  tablespoons  flour. 

1  cup  milk  or  mutton  broth. 


Salt. 

Juice  of  i  lemon. 

1  tablespoon  finely  chopped  parsley. 


Melt  the  butter,  add  the  flour,  and  cook  for  two  or  three  minutes,  stirring 
constantly.  Add  the  milk  and  cook  until  the  liquid  is  thickened.  Seascm  with 
salt    Just  before  serving  add  the  lemon  juice  and  parsley. 

HORSE-RADISH    SAUCE   NO.    1. 

(For  cold  boiled  mutton.) 

2  tablespoons  cracker  crumbs.  |  ^  teaspoon  salt. 

2  tablespoons  butter  or  mutton  fat  1  cup  milk. 
i  cup  grated  horse-radish  root.             | 

CJook  the  crumbs,  horse-radish,  and  milk  20  minutes  in  a  double  boiler.  Add 
the  remaining  ingredients  and  serve  either  hot  or  cold. 

HORSE-RADISH  SAUCE  NO.  2. 

i  cup  thick  cream.  |  1  tablespoon  vinegar. 

3  tablespoons  grated  horse-radish  root.  |  Salt  and  cayenne. 

Whip  the  cream  and  add  the  other  ingredients. 

XuttOA  Savory  Loaf. 


2  pounds  lean  mutton  free  from  bone. 
2  pounds  lean  fresh  pork  free  from 

bone. 
1  small  onion. 

1  green  pepper. 

2  stalks  celery. 
1  bunch  parsley. 


1  cup  milk. 

2  eggs. 

i  teaspoon  each  curry  powder,  i)ow- 
dered  thyme,  black  pepper,  and 
paprika. 

li  tablespoons  salt 

1  pound  bacon  sliced  very  thin. 


Remove  the  seeds  from  the  pepper  and  put  the  vegetables  and  meat  through 
a  meat  grinder,  using  the  flnest  chopper  for  the  vegetables,  and  chopping  the 
meat  about  as  flne  as  for  Hamburg  steak.  Mix  thoroughly  all  the  ingredients 
but  the  bacon.  Form  the  chopped  meat  mixture  into  a  roll  about  2  or  3 
Inches  in  diameter ;  cover  the  sides  and  ends  completely  with  the  bacon,  roll  in 
a  pudding  cloth  or  a  piece  of  cheesecloth,  and  tie  securely.  This  can  be  con- 
veniently done  by  laying  the  cloth  on  a  flat  surface,  and  then  laying  the  strips 
of  bacon  upon  it  side  by  side  in  such  a  way  as  to  form  a  continuous  layer  large 
enough  to  cover  the  whole  surface  of  the  meat  roll.  Put  the  meat  roll  in  the 
colter,  and  bring  the  bacon  up  around  the  sides  and  ends.  The  cloth  should 
be  tied  securely  at  the  ends,  and  either  pinned  or  sewed  securely  at  the  side. 
Boll  for  three  hours  in  just  enough  water  to  cover,  to  which  has  been  added 
one  tablespoon  of  salt  and  one-half  cup  of  vinegar.  This  may  be  served  cold  or 
may  b^  cut  into  slices  and  fried.  This  mixture  may  also  be  either  steamed  in  a 
mold  or  baked.  If  this  is  done,  the  bacon  should  be  used  to  line  the  mold  and 
cover  the  top  of  the  mixture.  If  baked,  it  is  well  to  add  to  the  meat  mixture  a 
cup  of  bread  crumbs  and  one-half  cup  more  milk. 

For  the  fre^  i)ork  in  the  above,  either  an  equal  amount  of  ham,  veal,  or  a 
mixture  of  veal  and  salt  pork,  may  be  substituted.  When  ham  or  salt  pork  l8 
used  reduce  the  amount  of  salt. 


Braised  Leg  of  Xatton. 


1  leg  mutton. 

i  medium-sized  onion. 

1  carrot 

1  turnip. 

i  bay  leaf. 
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Have  the  leg  of  mutton  boned.  Wipe,  stuff  with  the  mixture  described  below, 
sew,  and  place  in  n  deep  pan.  Cook  the  onion  (sliced),  the  carrot  and  turnip 
(cut  into  dice),  bay  leaf,  thyme,  and  parsley  five  minutes  in  the  butter  or  mut- 
ton drippings.  Add  the  hot  water,  salt,  and  peppercorns,  and  pour  the  mixture 
over  the  mutton.  Cook  slowly  for  three  hours,  with  the  dish  covered  exc^t 
for  the  last  half  hour.  Make  a  brown  gravy  out  of  the  strained  broth  in 
which  the  meat  has  been  cooked.     (See  p.  21.) 

STtrFFlNO    FOS   BBAISED   LEG    OF    MX7TT0N. 

The  stuffing  for  the  braised  leg  of  mutton  is  made  as  follows: 


1  cup  cracker  crumbs. 

2  tablespoons  melted  butter. 
i  teaspoon  salt. 


i  teaspoon  pepper. 

i  teaspoon  poultry  seasoning. 

i  cup  boiling  water. 


Oven  Pot  Boast. 


3  pounds  mutton  from  the  shoulder. 
1  cup  potatoes  cut  into  small  pieces. 
1  cup  carrots  cut  into  small  pieces. 


i  cup  sliced  onion. 
2  tablespoons  flour. 
Salt. 


Put  the  meat  into  an  earthenware  bean  pot  and  cover  with  boiling  water. 
Place  the  cover  on  the  pot  and  let  the  meat  cook  in  a  moderate  oven  for  two 
hours.  Add  the  vegetables  and  the  salt,  cover  again,  and  cook  for  one  hour. 
Reduce  the  liquid  In  which  the  meat  and  vegetables  have  he&n  cooked  to  one 
cup  and  thicken  with  the  flour. 

Shoulder  of  Xutton  Braised  with  Turnips. 


6  pounds  mutton  from  the  shoulder. 

1  onion. 

1  carrot. 

1  stalk  celery. 

4  cloves. 


1  bay  leaf. 
1  quart  water. 
6  turnips. 
Salt. 


Cut  the  onion,  carrot,  and  celery  into  small  pieces  and  put  these  with  the 
shoulder  of  mutton  Into  a  deep  baking  pan.  Cover,  and  allow  the  mutton  juice 
to  permeate  the  vegetables  and  brown  with  them.  Then  add  the  water,  cloves, 
and  bay  leaf.  Cook  In  a  moderate  oven  until  the  meat  Is  tender,  which  will  be 
about  20  minutes  for  each  i)ound.  One  hour  before  serving,  add  the  turnii)s, 
which  have  been  peeled  and  parboiled. 


1  breast  mutton- 
Few  slices  bacon. 
1  pint  stock. 


Braised  Breast  of  Mutton. 

1  lemon. 
1  onion. 
Salt. 


Line  the  bottom  of  a  casserole  or  otlier  earthenware  baking  dish  with  a  few 
thin  slices  of  bacon,  lay  the  mutton  on  these,  and  put  over  it  the  lemon,  which 
has  been  peeled  and  cut  into  slices.  Cover  with  one  or  two  more  slices  of  bacon 
and  add  the  stock  and  onion.  Ck)ver  the  dish.  Cook  slowly  on  the  top  of  the 
stove  or  in  the  oven  until  the  meat  is  tender. 


Xntton  Smothered  in  Tomatoes. 


1)  pounds  mutton  steak. 
1  cup  bread  crumbs. 
1  small  onion. 
Poultry  seasoning. 


Salt 

1    can    tomatoes,    or    1    quart    fresb 
tomatoes  cut  in  slices. 


Spread  over  the  mutton  steak  a  layer  of  bread  crumbs  mixed  with  the  minced 
onion  and  other  seasonings.  Roll  and  tie  into  shape.  Place  in  a  casserole  or 
other  dish  with  a  tightly-fitting  cover.  Pour  the  tomatoes  over  the  meat  and 
cook  very  slowly  in  the  oven  or  on  top  of  the  stove  for  three  or  four  houra  If 
the  tomatoes  do  not  cover  the  meat,  add  a  little  boiling  water. 
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Braised  Leg  of  Mutton  with  Sour  Oravy. 


1  leg  of  mutton. 

2  tablespoons  butter  or  drippings. 
8  cops  vinegar. 


3  cups  water. 
%  teaspoon   each 
and  marjoram, 
i  dozen  elovea 
1  clove  of  garlic. 


of   powdered    thyme 


i    cup    each    of   celery,    carrots,    and 

onions  finely  chopped. 
2  tablespoons  chopped  parsley. 
1  dozen  pepper  coma 
1  bay  leaf. 
1  pint  sour  cream, 
i  pint  stock. 
Salt      • 


Pry  the  celery,  carrots,  and  onions  in  the  fat  until  light  brown,  add  the 
vinegar  and  water,  and  coolc  until  the  vegetables  are  soft.  When  this  mixture 
Is  cool,  pour  over  the  leg  of  mutton,  which  should  be  fully  covered  and  which,  for 
this  reason,  should  l>e  in  a  dish  just  large  enough  to  hold  it.  Allow  the  mutton 
to  lie  in  this  mixture  for  24  hours.  Upon  removing  it,  drain  quite  dry  and  bake 
in  a  moderate  oven  for  30  minutes.  Then  pour  the  sour  cream  and  stock  around 
It  and  cook  until  tender,  basting  frequently.  Reduce  the  liquor  in  which  the 
meat  has  been  cooked  to  a  small  volume,  strain  it,  and  pour  over  the  meat 

BOASTED  MXTTTON. 

The  term  "  roasting  "  was  originally  applied  to  cooking  before  an  open  fire, 
but  as  now  used  It  is  usually  synonymous  with  baking.  Since  meat  cooked  by 
this  process  is  subjected  to  dry  heat,  even  greater  precautions  must  be  taken  to 
prevent  the  escape  of  juices  than  in  boiling.  The  oven  should  be  very  hot  until 
the  meat  is  thoroughly  seared ;  then  the  temperature  should  be  reduced  and  the 
fat  which  drips  from  the  meat  should  be  frequently  poured  over  Its  surface. 

Boast  Leg  or  Saddle  of  Mutton. 

Sprinkle  the  meat  with  salt  and  pepper,  place  ui)on  a  rack  in  the  baking  pan, 
and  dredge  with  flour.  Bake  in  a  hot  oven,  basting  frequently.  Allow  from  10 
to  15  minutes  per  pound,  depending  upon  whether  it  is  desired  well  done  or  not 

BROWN  OBAVY  POR  ROAST   MUTrON. 

In  making  gravy  for  roast  mutton  or  any  other  roast  meat  allow  2  level  table- 
spoons of  fat  for  each  cup  of  gravy  desired,  pouring  off  any  in  excess  of  this 
amount.  To  the  fat  add  3  tablespoons  of  flour  and  cook  thoroughly,  browning 
it  but  being  very  careful  not  to  bum  it  Add  boiling  water  or  broth  and  boil 
for  a  short  time,  stirring  constantly.  Add  salt  and  pepper.  The  proportions 
are  2  tablespoons  of  fat  3  tablespoons  of  flour,  and  1  cup  of  water  or  stock. 
If  the  flour  is  not  browned,  only  2  level  tablespoons  are  needed  for  each  cup. 

CURRA.NT-JELLY  OBAVY. 

A  gravy  flavored  and  made  acid  with  currant  jelly  is  often  served  with  roast 
mutton.  To  each  cup  of  brown  gravy  made  from  the  fat  of  roast  mutton  add 
a  glass  of  current  jelly  or  less.  As  noted  elsewhere  (p.  27),  the  addition  of 
currant  jelly  is  specially  suitable  when  cold  mutton  is  to  be  warmed  up  in  gravy. 

MINT   BAUOS  AND    MINT    JELLY. 


i  cup  finely  chopped  mint  leaves. 
1  tablespoon  powdered  sugar. 


II 


cup  vinegar, 
teaspoon  salt 


Ck>inbiiie  the  ingredients  and  let  the  mixture  stand  in  a  warm  place  until  the 
flavor  of  the  mint  has  penetrated  the  liquid. 

Mint  sauce^  which  is  so  generally  relished  with  roast  mutton  and  roast  lamb, 
may  be  made  from  either  the  fresh  or  the  dried  spearmint.  Mint  jelly,  which 
is  also  popular,  can  be  made  by  stiffening  mint  sauce  with  gelatin.  For  this 
purpose  one-half  tablespoonful  of  gelatin  soaked  in  cold  water  enough  to  cover  it 
may  be  use  with  a  cup  of  mint  sauce  made  as  above  from  freshly  chopped  mint 
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leaves;  or  make  a  mint  sauce  by  boiling  together  one  cupful  each  of  vinegar 
(not  too  strong)  and  sugar  for  about  five  minutes  and  adding  three-fourths 
cupful  finely  chopped  mint  leaves  and  one-fourth  teaspoonful  of  salt  and 
a  very  little  paprika.  To  this  add  one  and  one-fourth  tablespoonfuls  granulated 
gelatin  which  has  been  softened  in  a  little  cold  water.  Ck)ol  the  mixture  and 
stir  until  it  begins  to  thicken  and  then  pour  it  into  small  molds  or  glasses.  The 
amount  of  mint  may  be  increased  if  a  stronger  flavor  is  liked.  This  Jelly  can  be 
kept  only  a  short  time. 

Mint  jelly  is  also  made  by  flavoring  apple  jelly  with  green  mint  leaves.  Two 
pounds  of  apples  cut  in  quartel:^  are  cooked  with  water  to  cover  until  soft,  as 
for  ordinary  jelly,  and  three  cups  of  green  mint  leaves  and  tops  are  added 
about  10  minutes  before  the  cooking  Is  completed.  To  the  juice  drained  from 
the  apple  and  mint,  three-fourths  of  a  cupful  of  sugar  and  the  juice  of  a  large 
lemon  are  added,  and  the  jelly  Is  cooked  until  a  little  tested  on  a  cold  plate 
will  harden.    It  Is  then  strained  Into  hot  jelly  glasses. 

Housekeepers  commonly  tint  jelly  made  by  either  method  with  a  little  vege- 
table green  coloring  matter. 

Leg  of  Xutton  Staffed  and  Roasted. 

For  this  purpose  have  the  leg  of  mutton  cut  into  two  pieces  and  use  the 
thicker  end,  which  should  be  boned.  Stuff  the  boned  piece  and  tie  into  good 
shape.  Roast  in  a  hot  oven,  allowing  about  10  minutes  for  each  pound  if  the 
meat  is  desired  rare,  15  If  desired  well  cooked.  In  making  the  gravy,  follow 
the  directions  on  page  21, 


Dressing  for  Boast  Xatton. 


1  pint  stale  bread  crumbs. 
*  cup  cracker  crumbs. 

i  teaspoon  sage. 

2  tablespoons  butter. 


1  teaspoon  sweet  marjoram. 

Salt  and  pepper. 

Few  drops  onion  juice. 


Soak  the  bread  in  cold  water.  Press  out  nearly  all  the  water,  and  add  the 
other  ingredients. 

Boast  Bibs  of  Mutton  with  Apples. 

After  wiping  the  meat,  spread  over  the  surface  one  finely  chopped  dove  of 
garlic,  one  chopped  onion,  one-half  teaspoon  each  of  powdered  tlijrme  and 
marjoram,  and  one  teaspoon  of  salt.  Place  on  a  rack  and  roast  in  a  moderate 
oven  from  one  and  one-half  to  two  hours,  basting  frequently.  Place  potatoes 
and  sour  apples  around  the  roast,  the  former  one  hour  l)efore  serving  and  the 
latter  one-half  hour.  The  apples  will  prove  a  palatable  accompaniment  to  the 
roast  and  will  Impart  their  fiavor  to  the  gravy,  which  should  be  made  according 
10  directions  on  page  21. 

Boast  Mutton  with  Bananas. 

Peel  the  bananas  and  bake  them  for  80  minutes  under  the  mutton.  Tart 
fruit  relishes,  such  as  spiced  currants  or  those  given  below,  may  be  served  with 
the  banauas. 

FBUn    BE^ISHES    WITH    BOAST    MUTTON. 


1  cup  prunes  cut  into  small  pieces. 

1^  cup&  water. 

3  tablesi)oons  sugar. 


i  teaspoon  ground  cinnamon. 
2  tablespoons  currant  jelly. 
Juice  of  1  orange. 


Boil  together  until  the  prunes  are  soft 

For  the  prunes  in  this  recipe  raisins  or  a  mixture  of  equal  parts  of  ralsiai^ 
and  prunes  may  be  substituted.    One-fourth  cup  of  butter  Is  sometimes  added. 

These  fruit  relishes  may  be  served  also  with  sliced  cold  lamb  or  mutton  and 
are  very  palatable. 

Boast  Mutton  with  Turnips. 

Turnips  are  frequently  cooked  under  roast  mutton.    They  are  sometimes 
stuffed.    To  prepare  In  this  way,  first  parboil  the  turnips  and  then  scoop  out 
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a  portion  of  each  by  means  of  a  spoon  and  fill  the  cavity  with  bread  which  has 
been  soaked  in  cream  or  in  mills  to  which  a  little  melted  butter  has  been  added. 

Baked  Breast  of  Mutton. 

Sew  up  a  breast  of  mutton  in  a  very  thin  cloth,  put  it  into  a  stewpan,  pour 
over  it  enough  cold  salted  water  to  nearly  cover  it,  and  let  it  simmer,  allowing 
10  minutes  to  each  pound.  Then  take  it  out  of  the  saucepan  and  out  of  the 
doth,  put  it  in  a  baking  dish,  mb  it  over  with  mutton  drippings,  butter,  or 
savory  fat,  sprinkle  some  flour  over  it,  and  bake  for  one-half  hour  in  a  hot  oven, 
basting  frequently  with  its  own  broth.  Five  minutes  before  taking  it  out  of  the 
oven  strew  fine  dry  bread  crumbs  thickly  over  it,  put  little  bits  of  butter  here 
and  tliere,  and  let  it  brown.  Serve  with  a  brown  sauce  made  from  the  broth 
in  which  the  meat  was  cooked. 

Mutton  and  Potato  Pie. 


1  pound  mutton  from  the  shoulder. 
1  onion, 
i  cup  flour. 
1  carrot. 


6  medium-sized  potatoes. 
1  teaspoon  baking  powder. 
1  tablespoon  butter. 
Salt. 


Cook  the  onions,  carrots,  and  meat  together  in  water  euough  to  cover.  Boil 
the  potatoes  separately.  Reserve  enough  of  the  potatoes  to  make  a  cup  of 
mashed  potatoes.  Cut  the  remaining  potatoes  and  the  other  vegetables  and 
meat  into  small  pieces,  and  place  in  a  baking  dish.  Cover  with  some  of  the 
broth  thickened  with  the  flour.  Mash  the  remaining  potatoes.  Add  butter 
and  salt.  Mix  this  with  the  flour  which  ha»  been  thoroughly  sifted  with  the 
baking  powder.  Spread  this  mixture  over  the  ingredients  in  the  baking  dish, 
and  bake  in  a  hot  oven  until  the  crust  is  brown. 

BBOILING. 

Broiling  is  a  proeess  closely  akin  to  roasting,  as  the  term  was  fbrmerly  used. 
It  is  performed  over  a  clear  Are,  and  relatively  thin  pieces  of  meat  only  are 
suitable  for  the  puj"pose.  The  searing  of  the  surface,  which  can  be  accom- 
plished very  quickly,  is  usually  sufficient  for  the  retention  of  the  juices.  In 
the  case  of  meats  having  little  fat,  however,  butter  or  other  .fat  should  be 
rubbed  over  the  surface  before  the  cooking  is  begun. 

Chops  from  the  loin  or  the  rib,  cutlets  from  the  leg,  or  thick  pieces  cut  from 
rare  boiled  or  roasted  mutton  are  suitable  for  broiling.  When  it  is  not  con- 
venient to  broil,  much  the  same  results  can  be  secured  by  pan  broiling,  1.  e., 
cooking  in  a  hot  pan  lightly  greased. 

Broiled  Loin  Chops. 

Remove  superfluous  fat  and  roll  the  flank  about  the  tenderloin,  fastening  it 
with  skewers.  Place  on  a  broiler  greased  with  some  of  the  mutton  fat.  Cook 
from  six  to  eight  minutes,  turning  frequently  duriug  the  first  part  of  the  time. 
A  sauce  of  butter  to  which  a  little  lemon  Juice  and  chopped  parsley  have  been 
added  is  sometimes  rubbed  over  the  chops,  or  since  the  chops  themselves  con- 
tain much  fat,  lemon  juice  and  parsley  only  may  be  used,  or  the  chops  may  be 
served  on  thin  slices  of  lemon.  Onion  sauce  is  by  some  people  considered  a 
^reat  delica<7  for  serving  with  broiled  chops. 

Sauces  for  Broiled  Loin  Chops. 

PABSLEY  AND  BUTTER  SAUCE. 


i  cup  butter. 
f  teaspoon  salt, 
i  teaspoon  pepper. 


i  tablespoon  finely  chopped  parsley. 
I  tablespoon  lemon  juice. 


Cream  the  butter,  add  the  salt,  pepper,  and  parsley,  and  then  the  lemon  juice 
Tery  slowly. 
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ONION  SAUCE. 


0  large  white  onions. 
i  cnp  butter. 

1  tablesi)oon  flour. 


1  teaspoon  sugar. 
1  cup  cream. 
Salt. 


Cut  the  onions  into  two  or  three  pieces  each,  and  cook  them  for  10  minutes 
in  boiling  salt  water.  Strain  them  and  cook  in  a  covered  saucepan  with  the 
butter  for  about  three-fourths  hour  or  until  they  are  very  tender.  Press 
through  a  pur6e  sieve  and  reheat.  Sprinkle  the  flour  over  them,  stirring  it  in 
thoroughly,  and  add  the  seasonings.  Bring  to  the  boiling  point  and  heat  long 
enough  to  cook  the  flour  thoroughly. 

Pan-Broiled  Loin  Chops. 

.  Pan  broiling  is  a  method  of  cooking  employed  when  there  is  no  suitable  fire 
for  broiling.  For  best  results  it  should  be  employed  only  in  the  case  of  meat 
from  which  most  of  the  fat  has  been  removed.  Loin  chops  which  are  to  be 
pan  broiled  should  have  the  flank  and  most  of  the  fat  removed.  After  wiping 
they  should  be  put  Into  a  hot  frying  pan  and  turned  frequently.  In  order  to 
avoid  piercing  the  chops  in  turning  them,  they  should  be  grasped  between  two 
forks  or  with  a  knife  and  fork.  The  time  of  cooking  will  depend,  of  course, 
upon  the  thickness  of  the  chops  and  whether  they  are  desired  well  done  or  not. 
From  6  to  10  minutes  is  the  usual  time.  Pressing  the  chop  against  the  side 
of  the  frying  pan  will  help  to  complete  the  cooking.  Pan-broiled  chops  may  be 
served  plain  or  with  savory,  tomato,  or  onion  sauce.     (See  above.) 

Sauces  for  Pan-Broiled  Loin  Chops. 

SA.VORT   SAUCE. 

To  the  fnt  in  the  pan  in  which  the  chops  have  been  broiled  add  enough  butter 
to  make  about  two  tablespoons.  In  this  brown  three  tablespoons  of  flour  and 
add  one  cup  of  water  or  stock.  Season  with  salt  and  pQ)per  and  add  one-half 
onion,  finely  chopped,  and  one  tablespoon  each  of  capers  and  finely  chopped 
pickle. 

TOMATO    SAUCE. 


2  tablespoons  butter. 
2  tablespoons  flour. 
Stewed    or    fresh    tomato   enough    to 
make  1  cup  when  well  boiled  down. 


1  stalk  celery. 
1  sliced  onion. 
Few  cloves. 
Salt  and  pepper. 


Cook  the  tomatoes  with  the  seasonings.  Cook  the  flour  thoroughly  In  the 
butter,  strain  the  tomatoes,  and  add  to  them  the  butter  and  flour.  Cook  all 
together  until  smooth,  stirring  constantly. 

Xontana  Steak. 


1  pound  lean  mutton  free  from  bone. 

1  ef:f:, 

I  cup  milk. 


1  teaspoon  salt, 
i  teaspoon  pepper. 
Few  drops  onion  Juice. 


Chop  the  meat  flnely,  add  the  other  ingredients,  form  Into  nnall  cakes,  and 
either  broil  or  fry  them.  While  this  dish  is  more  delicate  if  the  ef^f:  and  milk 
are  used,  it  can  be  made  without  them.  In  this  case  it  resembles  very  closely 
Hamburg  steak  as  It  is  ordinarily  prepared  from  beef.  It  may  be  made  witli 
or  without  onion. 

PRYIITG. 

Frying  in  deep  fat  is  a  method  of  cooking  meat  in  which  it  is  subjected  to 
high  temperature,  and  which  Imparts  a  distinctive  flavor  to  the  meat    It  is  a 
common  custom  to  dip  meat,  fish,  etc.,  cooked  by  this  method,  in  egg  and  fine 
crumbs  before  immersing  in  the  hot  fat. 
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Fried  Cmmbed  Mutton. 

If  thin  pieces  of  mutton,  either  raw  or  cooked,  are  dipped  in  flour,  then  in  egg, 
and  then  in  crumbs  and  fried  in  deep  fat,  they  lose  less  moisture  than  if  broiled 
or  pnnbroiled.  This  method  is  especially  suitable  for  rib  chops,  thin  loin  chops, 
or  small  pieces  cut  from  rare  cooked  meat  Thick  chops  would  hardly  be 
cooked  through  by  this  process. 

Pried  Rib  Chops. 

Wipe  the  chops  and  salt  them  on  both  sides,  dip  them  in  flour,  and  then  in  a 
mixture  of  egg  and  water  in  the  proi)ortion  of  one  egg  to  two  tablespoons  of 
water  and  finally  in  flue  cracker  crumbs.  Fry  in  deep  fat  at  a  temperature 
suitable  for  foods  that  have  not  been  already  cooked,  which  is  about  350**  F. 
In  fat  of  this  temperature  a  small  piece  of  bread  from  the  center  of  the  loaf 
will  become  a  delicate  brown  in  one  minute. 

Chops  prepared  in  this  way  are  often  sened  around  a  mound  of  maslied 
potatoes.  This  has  the  advantage  of  keeping  the  chops  hot  if  the  precaution 
lias  been  taken  to  reheat  the  potatoes  after  they  have  been  mashed.  A  depres- 
sion may  be  made  in  the  mound  of  potatoes  for  tomato  sauce,  which  Is  a  good 
accompaniment  for  this  dish.  Broiled  or  fried  chops  are  sometimes  served 
around  mounds  of  peas,  young  carrots,  turnips,  fried  green  peppers,  or  a  pur^ 
of  beans. 

To  prepare  the  carrots  for  this  purpose,  boil  tfiem  in  water,  pour  off  the 
water,  and  add  a  little  butter,  a  very  little  sugar,  and  chopped  parsley.    Reheat. 

To  prepare  green  sweet  peppers,  which  are  an  exceptionally  good  accom- 
paniment for  mutton,  remove  all  the  seeds,  cut  into  thin  slices,  and  cook  in 
butter  and  a  little  water.  Allow  the  water  to  evaporate  after  the  peppers  have 
become  tender  and  cook  them  in  the  fat  until  they  begin  to  brown,  but  not  long 
enough  to  blacken  them. 

Another  dish  which  is  often  served  with  mutton  chops  or  roast  mutton  is  a 
pur^  of  navy  beans. 

PuT^e  of  Navy  Beans  to  Accompany  Hutton  Chops  and  Roast. 


1  pint  beans. 

1  onion. 

1  carrot. 

1  sprig  parsley. 

Pepper. 

i  pound  salt  pork  or 


2  tablespoons  mutton  drippings. 

2  cloves. 

i  teaspoon  sjilt. 

1  quart  water. 

1  tablespoon  butter. 


Soak  the  beans  over  night,  drain,  and  add  the  other  Ingredients  with  the 
exception  of  the  butter.  Boll  for  30  minutes  and  cook  In  a  moderate  oven  for 
one  hour.  Remove  the  onions,  carrot,  and  parsley  and  press  through  a  sieve. 
Add  butter  and  salt  (if  necessary)  and  reheat.  Similar  purees  may  be  made 
from  red  kidney  beans,  split  peas,  and  lentils. 

WARMED-OVER    MUTTON. 

Since  the  successful  recooklng  of  mutton  usually  consists  in  utilizing  well 
what  happens  to  be  on  hand,  both  in  the  way  of  meat  and  also  of  vegetables  or 
other  accompaniments,  it  is  difficult  to  give  any  definite  recipes.  In  many 
cases  the  preparation  of  a  dish  involves  simply  the  reheating  of  pieces  of  the 
cold  meat  in  a  gravy,  and  fbr  this  reason  the  principles  of  the  making  of  grtfVies 
should  be  kept  In  mind  In  this  connection.  The  proportions  for  a  sauce  of  suit- 
able thickness  are  two  level  tablespoons  of  fat  and  two  of  flour  to  each  cup  of 
liquid.  The  fat  may  be  butter,  drippings,  or  savory  fat,  and  the  liquid  may  be 
water,  stock,  milk,  tomato  juice,  or  a  combination  of  two  or  more  of  these. 
Browning  the  flour  in  the  fat  is  an  easy  way  of  securing  variety.  If  this  is 
done  the  thickening  power  of  the  flour  is  reduced  and  the  amount  used  should 
be  three  instead  of  two  tablespoons  to  one  cup  of  liquid. 
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The  following;  which  is  capable  of  a  large  number  of  variations  secured  by 
using  different  fats,  liquids,  and  seasonings,  is  a  good  sauce  in  which  to  reheat 
mutton.  The  possibilities  in  the  way  of  flavoring  by  sweet  herbs,  pepiiers, 
pickles,  capers,  currant  jelly,  etc.,  have  been  suggested  from  time  to  time  in  this 
bulletin. 


1i  cups  white  stock. 
1  slice  onion. 
1  slice  carrot. 

1  sprig  parsley. 

2  peppercorns. 


SAUCS  FOB    WABMED-OVEB    MUTTON. 


i  cup  butter. 
I  cup  flour. 
1  cup  scalded  milk. 
}  teaspoon  salt. 
i  teaspoon  pepper. 


Cook  the  stock  20  minutes  with  onion,  carrot,  bay  leaf,  parsley,  and  pepper- 
corn, and  strain.  There  should  be  one  cup.  Melt  the  butter,  add  the  flour,  and 
gradually  the  hot  stock  and  milk.     Season  with  salt  and  pepper. 

Xutton  in  Gravy. 

Cold  mutton  reheated  in  gravy  or  sauce  is  served  with  rice,  on  toast,  on  bak- 
ing-powder biscuits,  with  a  pastry  or  biscuit  crust,  with  a  crust  of  mashed 
potatoes,  or  with  a  crust  consisting  of  mashed  potatoes  and  mashed  turnips  in 
proportion  of  2  to  1. 

Cutlets  of  Cold  Xutton. 

From  a  leg  of  mutton,  which  has  been  cooked  rare,  cut  pieces  about  the  size 
of  an  ordinary  loin  chop.  These  may  be  fried  in  a  little  fat,  or  egged,  crumbed, 
and  fried  in  deep  fat,  or  they  may  be  brushed  over  with  fat  and  broiled.  The 
result  is  like  meat  cooked  for  the  first  time  rather  than  like  the  ordinary 
warmed-over  meat.  Cutlets  thus  prepared  may  be  served  with  any  of  the  snuces 
suggested  for  serving  with  chops. 

Mutton  and  Tomato  Pie. 

An  excellent  way  to  use  cold  mutton  is  to  bake  it  with  tomatoes,  using  alter- 
nate layers  of  tomatoes  and  meat.  A  tomato  sauce  may  be  used  or  the  follow- 
ing method  may  be  employed :  Place  in  a  baking  dish  a  layer  of  fresh  tomatoes 
or  of  cooked  tomatoes  which  have  been  either  drained  or  reduced  in  volume  by 
boiling.  Add  a  layer  of  meat,  dredge  with'  flour,  salt,  and  pepper,  and  add 
small  bits  of  butter  until  the  materials  are  used,  arranging  to  have  a  layer  of 
tomatoes  on  top.  Cover  this  with  a  layer  of  buttered  bread  crumbs  or  cracker 
crumbs  and  bake  until  the  crumbs  are  brown.  In  following  tliis  method  use 
tomato,  butter,  and  flour  in  the  correct  proportions  for  tomato  sauce,  L  e.,  two 
level  tablespoons  each  of  butter  and  flour  for  each  cup  of  tomatoes. 

Green  Peppers  Stuffed  with  Xutton. 

Cut  green  i)eppers  in  two  lengthwise  and  remove  all  the  see<ls.  Fill  with  a 
mixture  of  equal  parts  of  cold  mutton  and  boiled  rice  well  seasoned  and  mois- 
tened with  a  little  stock  or  water.    Bake  until  the  peppers  are  tender. 

Xutton  Croquettes. 

Like  other  meats,  mutton  may  be  used  for  croquettes.  A  general  rule  for 
making  croquettes  is  to  combine  two  cups  of  finely  chopped  cooked  meat  (or 
the  same  amount  of  a  mixture  of  meat,  rice,  and  potatoea  or  other  vege- 
tables) with  one  cup  of  thick  sauce.  The  sauce  for  this  purpose  is  made  by- 
heating  one-third  cup  of  flour,  or  one-fourth  cup  of  cornstarch,  in  three  table- 
spoons of  fat,  and  adding  a  cup  of  liquid  which  may  be  stock,  water,  milk, 
tomato  Juice,  or  a  mixture.  The  amounts  given  above  are  those  generally  used, 
but  the  proportion  of  sauce  to  meat  varies  under  different  circumstances,  as 
some  substances  absorb  more  of  this  sauce  than  others  do.  It  Is  a  common 
practice,  though  by  no  means  necessary,  to  add  the  yolk  of  a  raw  egg.    After 
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tlie  mixture  of  meat  and  sauce  is  cooled  it  is  formed  into  rolls  of  uniform 
size  which  should  be  dipped  first  in  flour,  then  in  a  mixture  of  two  tablespoons 
of  water  and  one  egg,  and  finally  in  fine  cracker  crumbs.  The  temperature  for 
frying  croquettes  is  that  for  all  foods  which  have  already  been  cooked  (about 
400"  F.).  Fat  (oil,  lard,  drippings,  etc.)  at  that  temperature  will  brown  a 
piece  of  bread  taken  from  the  center  of  a  loaf  in  40  seconds. 

XuttoB  and  Caper  Croquettes. 


8  tablespoons  savory  fat. 

i  cup  flour. 

1  cup  mutton  stock  or  milk. 


2  cups  finely  chopped  cold  mutton. 
1  tablespoon  finely  chopi>ed  capers. 
Salt. 


Make  a  sauce  out  of  the  fat,  flour,  and  liquid,  mix  with  the  other  ingredients, 
and  follow  the  rules  given  above  for  making  croquettes. 

Xutton  and  Bice  Croquettes. 

In  the  above  recipe,  substitute  one  cup  of  cold  boiled  rice  for  one  of  the  cups 
of  mutton. 

Xutton  and  Potato  Croquettes. 

In  the  recipe  for  mutton  croquettes,  substitute  two- thirds  of  a  cup  of  cold 
boiled  potatoes  cut  into  small  pieces  for  one  of  the  cups  of  mutton. 

Steamed  Xutton  and  Rice. 


Few  drops  onion  juice. 

1  tablespoon  chopped  parsley. 

i  cup  bread  crumbs. 

1  egg. 

Stock  or  water. 


4  cups  cooked  or 

1  cup  raw  rice. 

2  cups  cooked  mutton  cut  into  small 
pieces. 

1  teaspoon  salt 
i  teaspoon  pepper. 

Grease  a  mold  or  a  bowl  of  about  11  quarts  capacity  and  line  with  cooked 
lice.  Heat  the  meat  with  the  other  Ingredients,  using  enough  stock  to  make 
a  mixture  that  Is  moist,  but  will  hold  its  shai)e.  Pack  the  meat  in  the  center 
of  the  mold  and  cover  with  the  remaining  rice,  grease  the  cover  of  the  mold 
(If  a  bowl  is  used,  a  plate  will  serve  for  a  cover),  steam  or  cook  in  water 
enough  to  partly  cover  the  mold  until  the  contents  are  thoroughly  heated 
through.    Turn  it  on  a  hot  platter  and  serve  with  tomato  sauce. 

The  above  recipe,  It  will  be  noted,  suggests  the  use  of  bread  crumbs  instead 
of  flour  for  thickening,  which  is  often  a  way  of  saving  bread  which  might 
otherwise  be  wasted,  and  which  is  also  one  way  of  securing  variety,  as  a  diflPer- 
ent  texture  results  than  when  flour  is  used. 

Mock  Venison. 

Cut  cold  mutton  into  thin  slices  and  reheat  In  a  sauce  made  in  the  following 
way: 


2  tablespoons  butter. 
2  tablesi)oons  flour. 
1  cup  water  or  stock. 
i  cup  red  currant  jelly. 


1  tables[x)on    catsup    or    other    meat 

sauce. 
Salt 


Make  a  brown  sauce  out  of  the  butter,  flour,  and  water  or  stock.  Add  the 
jelly  and  other  flavorings 

Turkish  Stuifed  Tomatoes. 

In  Turkey  a  number  of  dishes  are  prepared  from  mutton  which  are  lutereet- 
Ing  from  the  point  of  view  of  the  food  customs  of  another  country,  and  also 
palatable.  The  recipes  here  given  have  been  modified  somewhat  to  accord  with 
our  usual  habits  of  cookery.  One  of  them  involves  the  use  of  broken  rice. 
which  can  easily  be  prepared  by  the  use  of  an  ordinary  meat  grinder.  The 
following  recipe  for  stuifed  tomatoes  is  little  different  from  many  used  in  this 
country: 
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Two  tablespoons  cooked  rice,  one-half  pound  raw  mutton,  two  onions.  Pass 
the  materials  through  a  meat  grinder;  season  with  salt,  pepper,  and  chopped 
parsley;  fry  in  a  pan  for  10  minutes,  stirring  constantly.  Wash  one  dozen 
smooth  round  tomatoes,  cut  a  thin  slice  from  the  stem  end,  leaving  a  little 
of  the  skin  for  a  hinge,  remove  the  seeds  and  pulp,  and  fill  with  the  meat  mix- 
ture.   Bake  in  a  imn  for  20  minutes,  lift  out  with  a  broad  luiifc  and  serve  hot. 

Mutton  and  Eggplant  Pie. 

Eggplant  pie  Is  a  simple  and  well-seasoned  dish  made  from  a  vegetable 
which  has  no  marked  flavor.  It  is  made  by  cooking  together  In  a  baking  pan 
alternate  layers  of  eggplant  and  of  chopped  mutton  fried  in  its  own  fat  Some- 
times a  little  tomato  juice  is  added  or  a  few  sliced  tomatoes.  It  should  be 
baked  until  well  browned. 

Mutton  and  Rice  Eolls. 

A  characteristic  Turkish  dish  is  "  sarma  "  or  rolls  made  of  meat  and  broken 
rice  wrapped  in  grape  leaves  and  then  boiled.  An  acceptable  substitute  for 
this  dish  and  one  more  in  accord  with  common  methods  may  be  made  by  cook- 
ing chopped  mutton  and  rice  in  a  baking  dish  lined  with  slices  of  tart  apple, 
which  gives  an  even  more  pronounced  tart  flavor  than  the  grape  leaves,  or  the 
following  recipe  may  be  used  : 

Mutton  and  Cabbage-Leaf  Rolls. 


i  teaspoon  pepper 
1  head  cabbage. 
1  lemon 


1  cup  raw  chopped  mutton. 

2  tablespoons  fat. 
i  cup  raw  rice. 
2  teaspoons  salt. 

Throw  cabbage  leaves  of  suitable  size  into  boiling  water  and  let  them  stand 
until  they  are  wilted.  Mix  the  remaining  ingredients  (with  the  exception  of 
the  lemon)  and  form  into  rolls,  each  containing  about  1  tablespoon.  Wrap 
each  roll  in  a  cabbage  leaf,  removing  the  thicker  part  of  the  stem  of  the  leaf 
If  necessary  in  order  to  roll  it  well.  Pack  these  rolls  closely  into  the  baking 
dish  and  cover  with  water  or  stock.  Bake  one-half  hour.  Just  before  serving 
squeeze  the  Juice  of  a  lemon  over  them. 

Or  serve  with  the  following: 

SOUE   BUTTER   SAUCE   FOB    MUTTON    AND    CABBAGE-LEAF   ROLLS. 


3  table8|)ooiis  vinegar  (spiced  vinegar 

from  pickles  preferable). 
Salt  and  red  pepi)er  to  taste. 


1  tablespoon  chopped  pickle. 

1  tablespoon  chopi)ed  parsley. 

2  tablespoons  butter. 
2  tablespoons  mutton  fat   (savory  or 

plain  rendered). 

Beat  the  butter  ami  mutton  fat  with  a  spoon  imtll  smooth,  then  beat  In  the 
vinegar  until  the  sauce  looks  light  colored  and  the  vinegar  has  all  been  taken 
up.  Add  1  tablespoon  of  finely  chopped  pickles  and  1  table€9)oon  of  finely 
chopped  parsley. 

MITTTON  WITH  FRTTITS. 

In  the  Orient  it  is  a  common  custom  to  cook  mutton  with  various  fruits. 
Quinces,  pears,  apricots,  and  prunes,  either  fresh  or  dried,  are  used  for  this 
purpose.  The  fruit  and  meat  should  be  cooked  separately  and  reheated  in 
combination.  Some  recipes  direct  that  the  meat  be  browned  before  cooking  in 
water,  others  that  it  simply  be  stewed  in  water.  Of  the  many  recipes  that 
might  be  given  the  following,  based  on  oriental  recipes,  are  selected: 

Mutton  with  duinoes. 

For  this  recipe  use  any  cut  of  mutton  suitable  for  stewing  and  twice  its 
weight  of  raw  quinces.    Cut  the  meat  into  shiall  pieces  and  brown  them  ^ther 
in  mutton  fat  or  butter.    Cover  with  boiling  water,  add  salt,  and  cook  slowly 
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until  tend^.  Pare  and  quarter  the  quinces  and  cook  them  in  a  small  amount 
of  water  until  tender.  Combine  the  meat  with  the  fruit  and  cook  slowly  for 
10  or  15  minutes.  Serve  with  rice.  Variety  may  be  obtained  by  making  a 
brown  gravy  with  the  fat  in  which  the  meat  is  fried  (see  recipe,  p.  21)  and 
ooofeiiig  the  meat  in  that, 

Xatton  with  Soar  Apples. 

In  the  above  recipe  sour  apples  may  be  substituted  for  qulncea 

Mutton  Baked  with  Apples  and  Onions. 

2  pounds  mutton  cutlets  from  neck,      1  1  onion. 

Salt.  I  4  medium-sized  apples. 

Prepare  the  meat  by  removing  the  bone  and  superfluous  fat  Season  with 
salt  and  lay  in  a  baking  dish.  Cover  the  meat  with  finely  sliced  sour  apples  and 
finely  chopped  onions.  Bake  in  a  moderate  oven  until  the  meat  Is  tender,  which 
will  be  about  one  hour. 

CORNED  XTTTTON  AJSTD  ITS  USES. 

The  following  directions  for  coming  mutton  are  a  modification  of  those  given 
in  an  earlier  bulletin  of  this  series.^    For  convenience,  the  amounts  are  changed 

00  as  to  be  suitable  for  the  quantity  of  meat  which  would  usually  be  used  in 
Hie  home.  If  larger  quantities  are  corned,  the  quantities  should  be  increased 
proportionately.  The  shoulder  is  the  cut  most  frequently  corned.  The  leg  is 
delicious  corned,  but  It  is  too  expensive  to  be  used  in  this  way  except  for  the 
purpose  of  preserving  it 

10  pounds  mutton.  I  1  tablespoon  saltpeter. 

li  cups  salt.  I  f  cup  brown  sugar. 

1  tablespoon  baking  soda.  | 

Rub  the  salt  thoroughly  into  the  meat,  covering  every  portion,  and  allow  the 
loeat  to  stand  with  the  salt  on  it  for  24  hours;  then  pour  over  it  the  other 
ingredients  dissolved  in  a  small  amount  of  lukewarm  water.  Add  water  enough 
to  cover  the  meat,  and  allow  the  meat  to  stand  in  the  brine  for  at  least  three 
or  four  days.  Meat  thus  corned  will  keep  in  good  condition  for  a  long  time. 
Since  mutton  absorbs  salt  more  readily  than  beef,  special  care  should  be 
taken  to  avoid  using  too  much  of  it 

Corned  mutton  may  be  used  in  all  the  ways  in  which  corned  beef  is  used. 
The  broth  in  which  it  is  boiled  makes  good  soup  when  seasoned  with  onion  and 
tnmip  or  other  vegetables. 

MTTTTON  SAUSAGES. 

Sausage  can  be  made  from  mutton  mixed  with  pork  in  much  the  same  way  as 
beef  is  used  for  similar  purposes.  A  g^ieral  formula  would  be :  Mutton,  2  parts ; 
lean  fresh  pork,  1  part;  and  fat  pork,  1  part;  with  salt  and  seasoning  to  suit 
tlie  taste.  Such  sausage  can  be  made  into  cakes  and  cooked  at  once  or  may  be 
packed  in  skins  or  bags  in  the  usual  way.  Homemade  sausage  is  very  commonly 
kept  frozen.  When  this  Is  not  possible,  it  is  often  convenient  to  make  small 
quantities  for  immediate  use. 

Mutton  Sausage  No.  1. 


1  pound  mutton  free  from  bone. 
%  pound  fat  fresh  pork. 
i  teaspoon  black  pepper. 


}  teaspoon  salt 

i  teaspoon    each,    marjoram,    thyme, 
and  sage. 


Pat  the  meat  through  a  sausage  or  meat  grinder,  and  mix  thoroug^y  with 
the  other  ingredients.  Pack  in  a  bag  about  21  inches  in  diameter  and  keep  in  a 
Tery  cool  place.    Cut  into  slices  and  fry.    If  it  is  to  be  used  at  once  packing  in 
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a  bag  is  not  necessary;  instead  the  chopped  and  seasoned  meat  may  be  made 
into  cakes. 

Mutton  Sausage  No.  2. 


i  teaspoon    each,    marjoram,    thyme* 

and  sage. 
i  teaspoon  black  pepper. 


1  pound  mutton  free  from  bone. 

I  pound  venl. 

i  pound  salt  pork. 

i  teaspoon  salt. 

In  preparing  the  sausage^  follow  the  directions  for  Mutton  Sausage  No.  1. 

SUKHABY. 

Many  experimental  studies  of  the  relative  nutritive  value  of  different  klnda 
and  cuts  of  meat,  the  losses  sustained  In  cooking  meat  in  different  ways,  the 
thoroughness  of  digestion  of  meat  and  the  effect  on  palatability  and  economy 
of  different  methods  of  preparing  it  for  the  table,  and  similar  questions  have 
been  studied  in  connection  with  the  nutrition  investigations  of  this  office. 

Mutton  and  lamb  have  been  widely  used  in  many  countries  since  early  times 
as  staple  foods.  In  later  years  lamb  has  been  the  more  popular  of  the  two 
In  the  United  States,  perhaps  because  special  attention  has  been  given  to  rais- 
ing lamb  for  the  market  and  to  extending  its  season.  The  whole  question  is 
simply  one  of  taste,  and  mutton  in  some  form  or  other  has  always  been  a  staple 
and  a  favorite  food.  That  it  is  wholesome  as  well  is  generally  believed,  and 
this  is  borne  out  by  inspection  work  of  the  Department  of  Agriculture,  which 
shows  that  it  is  relatively  seldom  that  mutton  has  to  be  rejected  as  unfit  for 
food. 

In  composition  and  nutritive  value  mutton  is  practically  the  same  as  beef, 
and  the  average  loss  of  weight  in  preparing  the  two  kinds  of  meat  for  the  table 
is  also  practically  the  same. 

Buying  in  quantity  is  recognized  as  an  economic  procedure  where  the  house- 
wife has  facilities  for  storage.  There  are  many  cases  in  which  a  side  of  mutton 
can  be  economically  purchased  for  home  use  where  a  side  of  beef  is  too  large 
for  such  a  purpose,  which  implies  an  economy  in  the  selection  of  mutton. 

As  regards  digestibility,  there  is  no  practical  difference  In  beef  and  mutton, 
both  being  very  thoroughly  assimilated.  The  characteristic  flavor  of  mutton 
is  commonly  said  to  have  its  origin  in  the  fat.  It  is  generally  relished,  and 
may  be  developed  or  modified  by  various  methods  of  cookery  to  meet  the  tastes 
of  the  family.  That  mutton  fat  can  be  used  in  the  household  in  many  ways 
has  been  demonstrated  by  experiments  which  have  been  made  with  it. 

The  ways  in  which  mutton  can  be  prepared  for  the  table  are  very  numerous. 
Some  of  these  are  well  known  to  the  housewife,  and  others  are  less  familiai 
All  are  worthy  of  a  trial,  since  the  ability  to  make  many  dishes  with  any  given 
foodstuff  is  an  easy  way  of  securing  variety  in  the  diet,  which  is  so  desirable. 
The  housewife  who  wishes  to  economize  can  make  many  savory  dishes  from  the 
inexpensive  cuts  of  mutton,  which  are  palatable  as  well  as  wholesome. 

Judged  by  its  composition,  palatability,  wholeBomeness,  digestibility,  relative 
cost,  and  the  number  of  ways  in  which  It  can  be  prepared  for  the  home  table, 
mutton  is  an  important  foodstuff,  which  is  well  worth  the  attention  of  the 
housekeeper  who  wishes  to  provide  her  family  with  an  attractive  and  palatable 
diet  at  a  reasonable  cost 
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EXPERIMENT  STATION  WORK. 

Edited  by  W.  H.  Beal  and  the  Staff  of  Exi)eriuieut  Station  Kecord. 


Ex|)eriment  Station  Work  is  a  subseries  of  brief  popular  bulletins  compiled 
from  the  published  reports  of  the  agricultural  experiment  stations  and  kindred 
institutions  in  this  and  other  countries.  The  chief  object  of  these  publications 
is  to  disseminate  throughout  the  counti-y  information  regarding  experiments  at 
the  different  experiment  stations,  and  tlius  to  acquaint  farmers  in  a  general  way 
with  the  progress  of  agricultural  investigation  on  its  i)ractical  side.  The  results 
Iierein  reiwrted  should  for  the  most  i>art  be  regarded  as  tentative  and  sugges- 
tive rather  than  conclusive.  Further  exiieriments  may  modify  them,  and  exi)e- 
rience  alone  can  show  how  far  they  will  be  useful  in  actual  practice.  The  work 
of  the  stations  must  not  be  depended  upon  to  produce  **  rules  for  farming." 
How  to  apply  the  results  of  exi)eriments  to  his  own  conditions  will  ever  remain 
the  problem  of  the  individual  farmer. — A.  C.  True,  Director,  Office  of  Experi- 
ment Stations. 


CONTENTS  OF  NO.  LXXIV. 


Page. 

Peonies 5 

liist  of  varieties  recommended  by  the  American  l*eony  Society 0 

For  cut  flowers ^ 0 

For  laud8cai)e 0 

Advantages  of  spraying  potatoes 7 

Marketing  wool 9 

Paint  and  tar  marks 11 

Shearing 11 

Tying  the  fleece 11 

Tying  twine 12 

Packing  and  storing 12 

Retail  buying  of  beef 14 

Retail    cuts 15 

Relative  economy  of  the  various  retail  cuts 17 

Tobacco  dips  for  sheep  scab V.) 

Sewage  disposal  for  rural  homes ID 

527 


Digitized  by 


Google 


ILLUSTRATIONS. 


Fig.  1.  Field  of  peonies  in  which  studies  of  synonymy  were  made 5 

2.  Retail  cuts  of  beef 16 

3.  Small  concrete  septic  tank 21 

4.  Double-chamber  tank  for  a  seven-room  house 21 

5.  Cross  section  of  a  single-tile  system ^ 22 

6.  Ground  plan  of  absorption  system 22 

7.  Plumbing  system  for  sewage  dlsimsal 23 

4 


Digitized  by 


Google 


EXPERIMENT  STATION  WORK/ 


PEONIES.' 


The  peony  is  one  of  many  old-time  flowers  which  have  experienced 
a  decided  modem  improvement  and  revival  of  popularity.  This  is 
shown  by  the  recent  rapid  growth  of  its  culture  and  by  the  larger 
number  of  varieties  that  are  being  originated  and  propagated  by  the 
trade.  The  American  Peony  Society  has  for  several  years  been  co- 
operating with  the  Cornell  Experiment  Station  in  the  study  of  the 


Fig.  1. — Field  of  peonies  in  which  studies  of  sj'nonyray  were  made. 

nomenclature  and  classification  of  the  peony  (fig.  1),  and  the  station 
has  recently  issued  its  fourth  report  on  this  work.  This  and  previous 
reports  give  descriptions  of  C26  varieties,  including  probably  95  per 
cent  of  the  important  commercial  varieties.    Those  in  charge  of  this 

*  A  progress  record  of  experimental  Inquiries  published  without  assumption  of  responsi- 
bility by  the  department  for  the  correctness  of  the  facts  and  conclusions^  reported  by  the 
stations. 

-  Compiled  from  New  York  Cornell  Sta.  liuls.  2r)0,  278,  30G. 
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work  have,' however,  been  strongly  **  impressed  with  the  large  number 
of  only  medium  varieties  which  are  being  continually  originated  and 
propagated  by  the  trade." 

It  is  probably  a  conservative  atatement  to  say  that  the  peony  interests  of  the 
country  would  be  better  off  if  about  75  i)er  cent  of  the  varieties  were  destroyed 
and  future  propagation  made  from  the  remaining  25  i)er  cent  of  superior 
varieties.  It  is  not  that  these  75  per  cent  of  the  varieties  are  positively  un- 
attractive; far  from  it.  But  the  remaining  25  per  cent  fill  every  purpose  and 
have  many  more  virtues  than  the  only  medium  to  inferior  sorts.  By  discarding 
the  mediocre  or  poor  sorts  and  selling  only  the  more  desirable  varieties  the 
customers  would  be  even  more  infatuated  with  this  beautiful  flower,  and  a  more 
extensive  and  higher-class  trade  would  be  built  up,  to  the  benefit  of  all 
concerned. 

Varieties  recommended  for  cut  flowers  and  landsciipe  or  border 
planting  are  as  follows: 

LIST  OF  VABIETIES  RECOMMENDED   BY  THE  AMERICAN  PEONY 

SOCIETY. 

For  Cut  Flowers. 

White. — Festiva  Maxima.  Couronne  d'Or,  Duchesse  de  Nemonrs. 
Baroness  Schroeder,  Albatre,  Alba  Sulfurea,  Madame  Croiisse, 
Madame  Calot,  Madame  de  Verneville,  Boule  de  Neige,  Avalanche, 
and  Due  de  Wellington. 

Pale  pink. — Achille,  Albert  Crousse,  Dorchester,  Floral  Treasure, 
La  Perle,  Madame  I^emoine,  Marguerite  Gerard,  Marie  d'Hour.  Mi.ss 
Salway,  Mademoiselle  Leonie  Calot,  Madame  Simile  Galle,  and  Venus, 

Pink  and  white.— Gloire  de  Charles  Gombault,  La  Tulipe,  and 
Jeanne  d'Arc. 

Deep  pink. — Madame  Ducel,  Lamartine,  Monsieur  Jules  Elie, 
Livingstone,  Monsieur  Boucharlat  aine.  Souvenir  de  TExposition 
Universelle,  Madame  I^ebon,  (ieneral  Bertrand,  Modeste  Guerin, 
Edulis  Superba,  Alexandre  Dumas,  Madame  Muyssart,  and  Kelway's 
Queen. 

Bed. — Felix  (Vousse,  Louis  Van  Houtte,  and  Henry  Demay. 

Deep  red. — Delachei,  Prince  de  Talindyke  (?),  Constant  Devred. 
Nigricans,  Madame  Becquet,  Pierre  Dessert,  and  Rubra  Superba. 

For  Landscape. 

White. — Octavie  Demay,  Marie  Jacquin,  Baroness  Schroeder, 
Albatre,  Duchesse  de  Nemours,  Alice  de  Julvecourt,  Madame  de 
Verneville,  Festiva,  Marie  Lemoine,  Couronne  d'Or,  Madame  Breon, 
La  Rosiere,  Albiflora  the  Bride,  Avalanche,  and  Festiva  Maxima. 

Pale  pink. — Achille,  Eugene  Verdier,  Eugenie  Verdier,  Dorchester, 
Floral  Treasure,  Marie  d'Hour,  Triomphe  de  I'Exposition  de  Lille, 
Venus,  La  Perle,  Marie  Crousse,  aitd  James  Kelway. 

Pink  and  white. — Embellata  Rosea,  (iolden  Harvest,  Madame 
Coste,  Madame  de  Vatry,  Therese,  Princess  Beatrice,  Beaute  Fran- 
(jaise,  and  Philomele. 
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Deep  pink. — Madame  Ducel,  Livingstone,  Monsieur  Boucharlat 
aine,  Souvenir  de  TExposition  Universelle,  Madame  Lebon,  General 
Bertrand,  Modeste  Guerin,  Pidulis  Superba,  Madame  Muyssarl,  Alex- 
andre Dumas,  and  Modele  de  Perfection. 

Red. — Fulgida,  Felix  Crousse,  Augustin  d'llour,  Louis  Van  Houtte, 
De  Candolle,  Henrv^  Demay,  and  Dr.  Caillot. 

Deep  red. — Delachei,  Monsieur  Martin  Cahuzac,  Stanley  (Kelway). 
Raphael,  Madame  Becquet,  and  Adolphe  Rousseau. 

ADVANTAGES  OF  SPBATING  POTATOES.^ 

Potato  growers  have  long  realized  that  in  seasons  when  blight  is 
present  spraying  will  check  the  blight  and  considerably  increase  the 
yield,  but  some  growers  have  doubted  that  spraying  is  profitable  on 
the  average.  It  is  impossible  to  foretell  the  appearance  of  blight, 
but  since  the  disease  generally  does  not.  appear  every  year,  the  tend- 
ency has  l)een  not  to  spray  regularly  in  the  l^elief  that  the  aggregate 
gains  will  not  repay  the  expense  of  spraying  for  a  series  of  years. 
The  20  years'  potato-spraying  experiments  at  the  Vermont  station 
and  10  years  of  similar  work  at  the  New  York  State  station  recently 
completed  answer  the  question  as  to  the  profitableness  of  spraying 
potatoes  regularly  in  the  affirmative  and  show  such  a  margin  of 
profit  tJierefrom  that  the  subject  should  command  the  earnest  con- 
sideration of  all  potato  growers. 

In  a  previous  bulletin  of  this  series^  attention  was  called  to  the 
work  at  the  New  York  State  station.  The  work  at  the  Vermont 
station  was  begun  in  1891.  In  the  early  experiments  comparative 
tests  of  different  fungicides  were  made,  but  the  superiority  of  Bor- 
deaux mixture  soon  became  apparent^  and  in  the  subsequent  years 
Bordeaux  alone  was  used.  The  results  showed  conclusively  that  Bor- 
deaux mixture  very  efficiently  protected  plants  from  the  attacks  of 
the  early  and  of  the  late  blight  and  seemed  to  serve  in  souie  way 
as  a  stimulus  to  the  plant,  so  that  it  remained  green  from  one  to  two 
weeks  longer  than  the  unsprayed  plants  and  also  yielded  more  and 
larger  tubers. 

The  physiological  effect  on  the  plant  is  shown  by  the  fact  that  even 
early  in  the  season  the  sprayed  plants  stored  more  starch  in  their 
tubers  than  those  not  so  treated.  While  the  plants  themselves  from 
the  sprayed  and  the  control  plats  were  of  approximately  the  same  size, 
"  the  weight  of  the  tubers  at  this  time  was  24.8  bushels  per  acre  in 
favor  of  the  potatoes  to  which  the  Bordeaux  had  been  applied.  This 
WDuld  seem  to  indicate  that  during  the  months  of  July  and  August, 
while  the   tubers   wei-e   gn)wing,   the   unsprayed    plants   wei*e   not 

*  Compiled  from  New  York   Stato  Sta.   Uiil.   .'540    (and  ^40.  |)o|>ular  oditlon)  ;   Viiinont 
8ta.  Rul.  ir.O. 
3i:.  S.  IVpt.  Agr..  Farmers'  Hnl.  2r»l,  p.  9. 
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able  to  fix  as  much  carbon  dioxid  and  transform  it  into  starch  as  were 
those  that  had  not  been  so  treated." 

The  results  of  the  entire  20  years'  work  at  the  Vermont  station 
show  that — 

Bordeaux  mixture,  even  in  years  lilce  1910  when  no  blight  occurs,  increases 
the  yield  of  the  plants  to'  which  it  is  applied.  This  increased  yield  is  always 
sufficient  to  pay  for  the  cost  of  spraying  operationa  Spraying  is  to  be  regarded 
as  an  insurance  that  pays  for  itself.  If  the  blights  are  prevalent,  the  potatoes, 
if  thoroughly  sprayed,  are  insured  against  loss  therefrom;  if  the  season  is  a 
dry  one  and  no  disease  occurs,  still  the  crpp  will  be  enough  larger  to  imy  for 
all  the  cost  of  spraying.  The  careful  potato  sprayer  wins  either  way,  no 
matter  what  the  weather  or  disease  conditions. 

The  results  with  iron  sulphate-copper  sulphate  mixture  indicate 
that  Bordeaux  mixture  "  in  which  part  of  the  copper  is  replaced 
by  iron  has  as  great  a  stimulating  effect  as  does  the  ordinary  Bor- 
deaux.   Whether  it  is  as  good  a  fungicide  has  not  yet  been  proved." 

The  increased  yields  from  plats  where  the  Bordeaux  mixture  was  applied 
only  to  part  of  each  plant  indicates  that  even  here  there  was  a  sufficient  effect 
produced  to  manifest  itself  in  a  yield  of  28  bushels  per  acre  more  tlian  that 
obtained  on  the  plats  left  entirely  untreated.  This  is  about  what  would  be 
expected  if  half  the  leaves  were  touched  by  the  Bordeaux. 

The  following  table  gives  the  results  of  the  20  years'  spraying 
experiments,  showing  yields  from  the  plats  sprayed  with  Bordeaux 
mixture  as  compared  with  the  control  plats : 

Oains  from  the  use  of  Bordeaux  mixture  on  late  potatoes. 


Planted. 


White  Star: 

May-  1891.... 

May20,lS93... 
Do 

Apr.  26, 1894. . 

Miiy20,1895... 
Polaris: 

May  15, 1896.... 

June  1,1897.... 
While   Star:   May 

10,1898 

Average:  3  varie- 
tfe9,May  18, 1899. 
Delaware: 

May  23, 1900.... 

May  25, 1901.... 

May  15, 1902.... 
Qreen     Mountain: 

May  1,1903 

Delaware: 

May  25, 1904.... 

May  15, 1905.... 
Oreen  Moimtain: 

May  27, 1906.... 

May  1,1907 

May  15, 1908.... 

May  28, 1909.... 

May  9, 1910 


Sprayed. 


Aug.  26,  Sept.  8. 
*     M,16,29.... 


Aug. 


.do.. 


June  16,  July  17,  Aug.  30. . 
July  25,  Aug.  13, 31 


Aug.  7,21 

July27,  Aug.  17,28.. 


July  21,  Aug.  10 , 

July26,  Aug.  17,  Sept.  8.. 


Aug.  4.23 

July20,  Aug.  21. 
Aug.  1,20 


Aug.  10. 


Aug.  1,  Sept.  1. 
Aug.  2, 21 


Aug.  13, 22 

July  16,  25,  Aug.  8,  22 

June  26,  July  9,  Aug.  6, 26.. 

July  12,  23,  Aug.  6, 27 

July  11,  27,  Aug.  15,  23,  30. 
Average  for  20  years. , 


Yield  per  acre. 


Sprayed. 


Bushels. 
313 
291 
338 
323 


325 
151 

238 

229 

285 
170 
298 

361 

327 


133 
171 
156 
243 
240 
268 


Not 
sprayed. 


Bushels. 
248 
99 
114 
251 
219 

267 
80 

112 

161 

225 
54 
164 


103 
221 

101 
63 
65 

188 
202 
163 


Gain  per  acre. 


Biuhds. 

65 
192 
224 

72 
170 


71 
126 


60 
116 
134 

124 

134 
161 

32 
108 
91 
55 
38 
105 


Percent. 
26 
194 
196 
29 
78 

26 


112 

42 

27 

215 

82 

52 

60 
73 

32 
175 
140 
29 
18 
64 


Prevalence 
of  late 
blight. 


Some. 
Much. 
^  Do. 
None. 
Rot. 

None. 
Some. 

Little. 

Do. 

Rot. 

Much. 

Severe. 

Do. 

Some. 
Severe. 

Some. 
Little. 
None. 

Do. 

Do. 
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In  applying  the  mixture  it  is  important  to  cover  the  plants  uni- 
formly and  very  thoroughly.  The  following  directions  for  spray- 
ing are  given  by  the  New  York  State  station : 

In  general  commence  spraying  wben  the  plants  are  6  to  8  inches  high  and 
repeat  the  treatment  at  intervals  of  10  to  14  days,  in  order  to  keep  the  plants 
well  covered  with  Bordeaux  throughout  the  season.  During  epidemics  of  blight 
it  may  be  advisable  to  spray  as  often  as  once  a  weeli.  UsuaUy  six  applications 
will  be  required.  The  Bordeaux  should  contain  4  pounds  of  copper  sulphate 
to  each  50  gallons  in  the  first  two  sprayings  and  6  pounds  to  50  gallons  in 
subsequent  sprayings.  Whenever  [potato]  bugs  or  flea-beetles  are  plentiful 
add  1  or  2  pounds  of  Paris  green,  2  quarts  of  arsenite  of  soda  stock  solution  or 
3  to  5  pounds  of  arsenate  of  lead  to  the  quantity  of  Bordeaux  required  to  si)ray 
an  acre. 

Thoroughness  of  application  is  to  be  desired  at  all  times,  but  is  e8i)ecially 
important  when  flea -beetles  are  numerous  or  the  weather  favorable  to  blight. 
The  more  frequently  and  thoroughly  the  plants  are  sprayed  the  better.  There 
is  no  danger  of  Injuring  the  foliage  by  too  much  spraying.  Using  the  same 
quantity  of  Bordeaux,  frequent  light  applications  are  likely  to  be  more  effective 
than  heavier  applications  at  long  intervals;  that  is,  when  a  horsepower  sprayer 
carrying  but  one  nozzle  per  row  is  used,  it  is  better  to  go  over  the  plants  once 
a  week  than  to  make  a  double  spraying  once  in  two  weeks.  In  the  first  two 
sprayings,  while  the  plants  are  small,  one  nozzle  per  row  may  be  sufficient,  but 
when  the  plants  become  large  at  least  two  nozzles  per  row  should  be  used. 
.Large  vines  are  especially  liable  to  blight  and  should  be  sprayed  very  thor- 
oughly. Such  vines  will  be  somewhat  injured  by  the  wheels  of  the  sprayer, 
but  the  benefit  from  spraying  will  far  outweigh  the  damage  done. 

A  single  spraying  is  better  than  none  and  will  usually  be  profitable,  but  more 
are  better.  Spraying  may  prove  highly  profitable,  even  though  the  blight  is 
only  partially  prevented.  It  is  unsafe  to  postpone  spraying  until  blight  ap- 
pears. Except,  perhaps,  on  small  areas,  it  does  not  pay  to  'apply  poison  alone 
for  bugs.  When  it  is  necessary  to  fight  insects  Bordeaux  mixture  and  poison 
should  be  used  together.  For  the  best  results  spraying  should  be  continued 
as  long  as  the  plants  live.  It  is  a  mistake  to  discontinue  spraying  because  the 
weather  is  dry  and  no  blight  present.  A  late  attack  of  blight  may  result  in 
heavy  loss  from  rot.  As  a  rule  those  who  spray  most  obtain  the  largest  net 
profit 

The  foregoing  statements  show  that  thorough  spraying  of  potatoes 
every  year  has  Xhree  distinct  advantages  which  make  it  profitable : 
(1)  It  insures  against  loss  from  blight;  (2)  it  protects  against  insect 
damage;  and  (3)  it  stimulates  the  growth  and  thus  increases  the  yield. 

MABEETINO  WOOL.' 

An  adequate  knowledge  of  the  requirements  of  the  market  and 
attention  to  those  requirements  are  necessary  in  order  to  obtain  the 
best  prices  for  any  commodity,  and  this  applies  just  as  much  to  the 
sale  of  wool  as  to  any  other  branch  of  trade.  The  common  practice 
of  selling  wool  to  local  storekeepers,  who  are  compelled  to  pay  as 

^  CoApUed  from  Illinois  Sta.  Circ.  161 ;  Mo.  Cons,  and  Trade  Bpts.  [U.  S.]»  1910,  No. 
357,  pt.  2,  p.  207. 

80003'— Bull.  527—18 2 

Digitized  by  VjOOQIC 


10  EXPERIMENT   STATION   WORK,   LXXIV. 

much  to  one  man  as  to  his  neighbor,  irrespective  of  the  value  of 
the  wool,  and  the  consequent  lack  of  knowledge  on  the  part  of  the 
wool  producer  of  the  requirements  of  the  market,  have  been  great 
drawbacks  to  the  proper  development  of  the  wool  industry  in  this 
country.  All  kinds  and  grades  of  fleeces  are  sold  in  the  same  bag, 
resulting  in  a  mixed  and  undesirable  lot  of  wool.  The  commission 
merchant  samples  and  buys  the  whole  consignment  on  the  basis  of 
the  cheapest  and  most  inferior  wool,  and  besides  often  discounts  the 
seller  for  mixed  packing.    The  producer  suifers  the  loss. 

In  would  seem,  therefore,  that  any  suggestions  as  to  the  proper 
preparation  of  the  wool  product  for  the  market  would  be  of  par- 
ticular value.    As  W.  C.  Coffej^  of  the  Illinois  station,  points  out — 

In  these  days  we,  jis  producers  of  wool,  are  absolutely  dependent  on  the 
market  for  the  disposal  of  our  product.  The  day  of  homespun  is  j^one.  The 
world  supply  of  wool  Is  limited  to  such  an  extent  that  we  may  be  confident  of 
receiving  a  profitable  return  on  our  wool  crop  if  we  only  do  our  share  in  meet- 
ing market  requirements.    ♦     ♦     ♦ 

Those  familiar  with  the  ways  of  growing  and  preparing  wool  for  market  In 
the  countries  of  greatest  production  admit  that  the  ITnited  States  is  behind  in 
her  methods.  Since  the  wools  produced  in  the  farm  flocks  of  the  central  and 
eastern  parts  of  our  country  come  In  direct  competition  with  foreign  wools, 
carefully  grown  and  prepared  for  market,  better  methods  are  imperative  if 
satisfactory'  profits  are  to  be  made  on  the  wool  crop. 

*  The  breeding,  feeding,  and  general  health  of  the  flock  arc,  of 
course,  very  important  factors  in  determining  the  quality  of  the  wool. 
In  general  it  may  be  said  that  the  English  Down  mutton  breeds, 
such  as  the  Shropshire,  Oxford,  and  Hampshire,  i)roduce  wool  which 
will  meet  with  ready  demand,  so  that  the  specialized  wool-producing 
breeds  need  not  necessarily  be  chosen.  By  using  pure-bred  rauis  of 
the  same  breed  for  a  series  of  years  a  flock  can  be  graded  up  so  that 
the  type  of  wool  will  be  sufficiently  uniform  to  satisfy  the  demands 
of  the  market,  provided  proper  attention  is  paid  to  the  fleeces  of  the 
rams  purchased  and  of  the  ewes  reserved  for  breeding. 

One  of  the  most  general  criticisms  made  against  the  wools  pro- 
duced in  farm  flocks  is  in  regard  to  the  foreign  substances  the  fleeces 
contain. 

Some  of  these  substances  get  into  the  wool  while  it  is  on  the  sheep,  while 
others  gain  entrance  through  faulty  methods  of  shearing  and  packing.  If  there 
is  a  great  deal  of  foreign  material  In  wool,  it  is  imiK>ssible  to  remove  all  of  It 
through  the  proce.ss  of  scouring.  If  It  Is  left  in,  the  i»esult  is  a  fabric  with 
noticeable  defects:  If  It  is  removed,  it  is  by  treating  with  a  weak  solution  of 
sulphuric  acid  and  heating  (a  process  known  as  carbonizing),  which  may 
weaken  the  wool  fibers.  This  not  only  lowers  the  value  of  the  wool  for  manu- 
facturing purposes,  but  also  adds  to  its  cost  to  the  manufacturer,  because  he 
has  to  spend  upon  It  the  extra  labor  of  carbonizing.     *     ♦     * 

Carelessness  In  feeding  causes  a  great  deal  of  foreign  material  to  be  de- 
posited in  wool.  Racks  for  roughages  such  as  hay,  fodder,  and  straw,  should 
627 


Digitized  by 


Google 


EXPERIMENT   STATION   WORK,   LXXIV.  11 

be  constructed  so  that  chaff  cau  not  fall  out  and  lodge  on  the  shoulders 
and  necks  of  the  sheep.  Bains  and  lots  should  be  arranged  so  that  It  is  un- 
necessary to  pass  amongst  the  sheep  in  carrying  loose  straw  to  the  racks.  It  is 
well  to  remember  that  the  equipment  necessary  to  keep  chaff  and  litter  out  of 
the  wool,  as  suggested  above,  also  results  In  a  saving  of  feed.  Usually  that 
which  sifts  out  and  is  lost  is  the  most  palatable  and  nutritious  part  of  the  feed ; 
hence  there  is  good  reason  for  keeping  it  out  of  the  fleece  aside  from  he 
damage  it  does  to  the  wool. 

Care  should  be  taken  to  keep  dirt  and  dung  out  of  the  wool ;  neither  of  these 
damages  wool  as  much  as  burra,  chaff,  and  litter,  but  they  do  some  damage,  and 
they  most  certainly  make  it  less  attractive  to  the  buyer  and  adcl  to  the  shrink- 
age in  the  process  of  scouring.  Sheep  should  not  be  forced  to  lie  in  mud,  noi 
should  they  be  allowed  to  lie  in  dusty  places.  Those  who  run  their  sheep  on 
plowed  lands  have  difficulty  in  i)roviding  clean  resting  places  for  them,  and  wt 
can  not  expect  the  wool  to  be  as  clean  as  It  would  be  were  their  sheep  kept 
on  i)asture8.  Tags  of  dung  in  wool  are  very  objectionable  to  buyers.  They 
are  very  heavy,  and  since  they  usually  contain  much  moisture  they  often  cause 
the  wool  to  mold.  There  is  no  e.xcuse  for  wrapping  dung  tags  in  wool  If  proi>er 
care  is  taken  at  shearing  time,  but  it  is  bettor  to  handle  sheep  so  that  comimra 
tively  little  dung  will  cling  to  the  wool.  All  the  sheep  In  the  flock  should  be 
docked,  and,  late  in  the  autumn,  the  wool  should  be  sheared  off  around  the 
dock.  Dung  clings  to  the  wool  only  when  the  feces  are  soft  or  when  the  ani- 
mal Is  scouring.  When  the  animal  scours  It  should  have  a  change  of  feed  and 
possibly  medical  attention,  so  that  a  case  of  chronic  scours  will  not  develop.  If 
these  suggestions  are  put  into  practice,  there  are  not  likely  to  be  many  dung 
tags  at  shearing  time. 

PAINT  AND  TAB  MABKS. 

Oil  paint  and  tar  marks  are  very  objectionable  In  wool,  but  their  use  is  not 
common  In  farm  flocks.  They  are  objectionable  because  they  can  not  be  re- 
moved in  scouring.  The  manufacturer  is  obliged  to  employ  labor  to  cut  them 
out  before  the  wool  Is  scoured.  This  reduces  the  length  of  the  wool  to  such 
extent  that  Its  value  Is  impaired.  The  paint  and  tar  clippings  are  of  very  low 
value,  and  hence  the  objection  to  them  is  thrice  emphaslzeil.  In  case  it  is 
desirable  to  wool  brand,  there  are  marking  inks  or  fluids  on  the  market  which 
do  no  damage  to  the  wool,  because  they  come  out  in  the  process  of  scouring. 

Thi.s  subject  is  more  fully  discussed  in  a  previous  bulletin  of  this 
series.^  ^ 

SHEABING. 

The  quality  of  the  fleece  depends  to  some  extent  dpon  the  time  of 
shearing,  early  shearing  (in  March)  being  preferable  if  practicable. 
Careful  shearing  in  a  clean  place  to  secure  clean,  uniformly  cut, 
untorn  fleeces  is  another  requisite  of  quality. 

TYING  THE  FLEECE. 

After  shearing,  the  next  lmi>ort«nt  step  Is  tying  the  fleece.  Several  things 
must  be  done  to  make  this  Job  a  good  one.  First,  all  tag  locks  must  be  removed 
whether  they  be  of  dung  or  grease  and  dirt.  Second,  the  fleece  should  be  care- 
fully rolled  up  by  hand  (not  in  a  wool  box),  with  no  ends  and  stray  locks  pro- 


1  U.  S.  Dept.  Agr.,  Farmers'  Bui.  522.  p.  20. 
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Iruding.  and  with  the  flesh  side  out.  Third,  the  fleece  should  be  tied  with  a 
hard,  glazed  twine,  not  larger  than  one-eighth  inch  in  diameter.  In  tying  the 
ends  of  the  twine  especial  care  should  be  tal^en  to  make  a  firm,  hard  knot  that 
will  not  slip. 

The  tied-up  fleeces  should  contain  nothing  but  merchantable  wool.  Weighty 
materials,  such  as  bricks,  stones,  and  sheei)  lieads.  should  not  be  rolled  up  in 
fleeces,  and  fortunately  such  instances  are  relatively  few.  But  tag  locks  are 
so  common  that  their  presence  in  fleeces  from  farm  flocks  Is  the  rule  rather 
than  the  exception.  The  total  effect  of  such  a  practice  is  bad.  It  puts  oiir 
wools  in  bad  standing  with  wool  houses  and  manufacturers.  Long  continued, 
it  has  led  to  the  only  logical  result,  namely,  discrimination  In  price  against  our 
wools. 

Careful  rolling,  with  the  flesh  side  of  the  fleece  out,  and  no  ends  or  stray 
locks  showing,  adds  greatly  to  the  appearance  of  the  fleece.  It  also  prevents 
mixing  the  wool  in  different  fleeces;  and,  by  the  way,  each  fleece  should  be  tied 
to  itself.  In  wool  warehouses  it  is  a  pretty  sight  to  see  the  heaps  of  graded 
wool  faced  with  a  tier  of  carefully  rolled  and  tied  fleeces. 

TYING  TWINE. 

The  use  of  wrong  kinds  of  tying  twine  has  caused  the  manufacturer  more 
trouble  than  any  other  one  thing,  with  the  wools  marketed  from  the  farms  of 
the  central  and  eastern  I'nitejl  States.  A  hard,  glazed  t\vine  should  be  used  In 
order  to  avoid  getting  any  of  its  fiber  mixed  with  the  wool.  During  the  last 
three  or  four  years  pai)er  wool  twine  has  been  introduced  which  is  entirely 
satisfactory  to  the  manufacturer.  Rough,  loosely  woven  twine  made  of  vege- 
table fiber  is  not  desirable,  because  some  of  the  fiber  gets  into  the  wool.  It  is 
impossible  to  remove  it  It  will  not  take  the  dyes  used  in  coloring  wool,  and 
it  is  detrimental  to  the  strength  and  finish  of  the  cloth.  The  only  way  to  get 
rid  of  it  is  to  pick  it  out  of  the  finished  cloth,  which  is  an  expensive  process. 
Sisal  twine  is  the  most  objectionable  of  all  employed  for  tying  wool.  The  mills 
have  objected  to  it  so  strenuously  that  its  use  is  being  largely  discontinued.  In 
no  event  should  It  be  used ;  better  not  tie  at  all  than  use  it.  There  have  been 
placed  on  the  market  Jute  products,  called  wool  twine,  which  are  not  at  all  satis- 
factory. They  are  so  loose  and  rough  that  many  of  the  fibers  cling  to  the  wool 
and  cause  defects  in  the  goods.  I'ndoubtedly  the  wool  trade  the  world  over 
will  institute  a  war  against  this  type  of  twine.  These  so-called  wool  twines  are 
also  unnecessarily  heavy.  The  best  wool  buyers  object  to  excessive  size  and 
length  of  string.  A  well-known  wool  house  In  the  Middle  West  informed  the 
writer  that  they  had  removed  more  than  one  pound  of  twine  from  a  single 
fieece.  The  use  of  so  much  cheap  stuff  amounts  to  unfair  packing.  It  Is  not 
necessary  to  wrap'  the  string  more  than  three  times  around  the  fleece — twice 
is  usually  sufficient — and  the  size  of  the  string  should  be  no  greater  than 
needed  to  give  it  the  strength  to  stand  the  strain  of  drawing  it  in  tightly  on  the 
wool  for  the  purpose  of  tying.  As  stated  above,  it  should  not  be  more  than 
one-eighth  inch  in  diameter.  "  India  "  three-ply  size  No.  4i  is  a  type  suitable 
for  tying  wool ;  so  are  the  i)ai)er  wool  twines.  Some  of  the  latter,  however,  are 
stiff,  and  therefore  difficult  to  tie  in  a  firm,  hard  knot  that  will  not  slip  and 
release  the  wool.  In  selecting  from  them  care  should  be  taken  to  secure  a  kind 
that  is  soft  and  pliable. 

PACKING   AND   STOBING. 

When  packing,  the  fleeces  of  ewes,  lambs,  rams,  and  wethers  should  be  packed 
separately.    In  small  flocks  it  is  hardly  advisable  to  pack  them  in  separate  bags. 
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but  they  can  be  separated  In  tlie  bag  by  sheets  of  stiff,  strong  paper,  so  that  they 
can  be  easily  sorted  at  the  market.  A  bag  containing  a  certain  Ijind  or  Icinds 
of  wool  should  be  marked  so  that  its  contents  are  known.  Tags  and  wool  from 
dead  sheep  should  be  packed  separately.  If  there  are  black  or  gray  fleeces, 
either  they  should  be  packed  separately  or  their  location  should  be  designated. 
For  example,  a  bag  containing  40  ewe  fleeces,  2  of  which  are  black,  could  be 
marked  as  follows:  38  white — 2  black. 

If  the  wool  is  not  sold  immediately  after  shearing,  it  should  be  stored  in  a 
clean,  dry  place.  It  should  not  be  left  on  the  bare  ground,  even  though  it  is 
placed  in  bags.  It  is  the  better  method  to  store  and  market  wool  in  bags,  as 
it  is  the  more  likely  to  be  kept  clean.  The  bags  should  be  closely  woven,  so 
that  they  will  effectively  keep  out  dust  and  dirt.  They  should  also  be  of  a 
type  that  will  not  shed  particles  of  fiber  into  the  wool.  The  loosely  woven  jute 
bags  commonly  used  are  satisfactory  in  neither  particular.  In  Australia  the 
bags  or  sheets  are  lined  with  paper  to  insure  keeping  the  wool  clean. 

A  recent  number  of  the  Monthly  Consular  and  Trade  Reports  de- 
scribes a  new  method  of  packing  and  heading  the  bales  in  use  in 
Australia  by  which  the  twine  is  prevented  from  entering  the  wool. 

The  demonstrations  of  the  new  process  seem  to  have  won  the  approval  of  the 
trade,  both  in  Australia  and  ut  Bradford.  The  equipment  necessary  for  the  new 
process  is  now  obtainable  by  all  pastorallsts  and  exporters  desirous  of  using  it, 
and  its  popularity  seems  to  be  gaining  steadily.  The  demonstration  of  this  new 
process  has  been  one  of  the  most  interesting  and  closely  noticed  features  of 
recent  agricultural  shows  In  Australia. 

In  packing  wool  by  this  new  process,  packs  with  prepared  heads  and  loose 
tops  must  be  used  for  the  purpose.  The  pack  and  the  loose  head  are  placed  in 
the  wool  press  in  the  usual  way,  the  packs  being  cut  down  15  inches  from  the 
top.  No  further  cutting  is  required.  After  the  bale  Is  pressed  the  front  and 
back  flaps  are  thrown  temporarily  over  the  bale,  and  the  head  Is  then  firmly 
secured  to  the  bale  by  two  steel  skewers,  both  front  and  back,  at  the  same  posi- 
tion as  the  stitching  is  done  under  the  old  system.  While  the  bale  is  In  this 
position  It  Is  not  necessarj'  to  cut  down  the  four  corners,  even  when  they  project 
considerably,  as  when  the  skewers  are  released  the  corners  fill  up  and  form  a 
stiff,  even  surface,  making  a  package  much  sui)erlor  to  the  old  bale.  The  front 
and  back  flaps  are  tacked  together  in  two  places  across  the  top  of  the  bale 
about  8  Inches  from  each  side.  The  side  flaps  are  then  brought  the  usual 
way,  tacked,  and  lock-stltched,  and  the  skewers  may  then  be  released  from 
the  bale. 

The  chief  feature  of  this  process  is  that  no  twine  or  string  can  possibly  enter 
the  bale,  the  only  stitching  necessary  being  on  the  two  outside  flaps.  There  is 
also  a  great  saving  of  twine,  as  nine  bales  can  be  treated  with  the  same  quan- 
tity of  twine  which,  under  the  old  system,  was  used  on  one  bale.  Another 
important  feature  is  that  by  simply  cutting  the  stitching  on  two  outside  flaps 
the  bale  Is  ready  for  Inspection  by  the  wool  valuers  and  buyers. 

In  England  and  Scotland  the  bagging  or  sheeting  Is  made  from  selected  fiber 
of  the  best  long  hemp,  thoroughly  scoured  after  weaving  and  carefully  ex- 
amined before  It  is  cut  up  Into  sheets.'  We  must  exhibit  the  same  sort  of  care 
if  we  are  to  keep  pace  with  these  countries  In  the  quality  of  the  product  we 
offer  for  sale.  If  the  clip  is  contracted  for  before  it  is  shorn  and  immediate 
delivery  is  planned,  it  is  not  necessary  to  bag  the  wool  unless  at  the  request 
of  the  purchaser.  If  it  is  packed  in  a  clean  wagon  box  and  a  canvas  is  thrown 
over  the  top,  it  can  be  delivered  in  desirable  condition. 
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KETAIL  BUYING  OF  BEEF.^ 

In  a  previous  bulletin  of  this  series  ^  market  classes  and  grades  of 
meat  were  described.  An  understanding  of  the  meat-trade  require- 
ments enables  the  stockman  to  judge  the  carcass  yield  and  the  quality 
of  his  animals.  The  breeder,  by  processes  of  selection,  endeavors  to 
produce  a  product  which  shall  approach  as  near  as  possible  an  ideal 
type,  and  he  recognizes  the  utility  of  the  finished  beef  product  as 
an  important  factor  in  his  breeding  operations.  The  practical  feeder 
likewise  requires  an  intimate  knowledge  of  the  market  requirements 
of  meat,  and  no  doubt  serious  financial  losses  have  often  been  ex- 
perienced through  a  lack  of  knowledge  of  the  proper  degree  of  fat- 
ness and  hence  the  amount  of  food  required  for  each  class  to  enable 
it  to  be  sold  to  the  best  advantage.  Thus  the  study  of  market  require- 
ments as  to  different  wholesale  cuts  of  meat  has  been  given  prominent 
yet  by  no  means  undue  consideration. 

As  a  contrast  to  this,  the  study  of  the  relative  proportion  of  the 
diflPerent  kinds  of  meat  in  the  retail  cuts  and  the  cost  thereof  on  the 
basis  of  actual  food  value  has  been  given  very  little  attention  in  spite 
of  its  importance,  to  which  the  current  high  prices  of  beef  have  added 
a  special  significance.  As  L.  D.  Hall  and  A.  D.  Emmett,  of  the 
Illinois  station  point  out,  precise  knowledge  of  the  final  market 
product  into  which  beef  cattle  are  converted  is  essential  to  both  the 
producer  and  the  consumer  of  beef.  The  consumers  have  to  deal 
directly  with  the  market  and  have  occasion  almost  daily  to  make  use 
of  information  concerning  the  relative  values  of  different  retail  cuts. 
To  buy  meat  intelligently  it  is  necessary  to  know  the  nature  of  the 
cuts,  esi)ecially  with  reference  to  the  proportions  of  lean  meat,  fat, 
and  bone  they  contain,  and  the  food  value  of  meat  from  different 
parts  of  the  carcass. 

A  large  majority  of  meat  coiisuiuers  have  no  knowledge  whatever  of  these 
matters,  but  make  their  selections  of  meat  solely  according  to  habit  or  fancy. 
In  fact,  but  little  accurate  data  along  this  line  have  hitherto  l)een  available 
to  those  who  wished  to  buy  meats  on  a  rational  basis.  As  a  result,  a  few  well- 
known  cuts  are  greatly  in  demand,  and  the  remainder  of  the  carcass  is  a  **  drug 
on  the  market.**  To  such  an  extreme  has  this  conditicm  devel(>|»ed  that  a  portion 
cf  the  carcass  (loins  and  ribs),  forming  only  about  one-fourth  of  its  weight, 
represents  nearly  one-half  of  its  retail  cost.  In  view  of  the  large  place  which 
meat  occupies  in  the  American  diet,  amounting  to  nearly  one-third  of  the 
average  expenditure  for  all  food,  the  importance  of  an  intelligent  understanding 
of  the  subject  on  the  part  of  the  consumer  is  readily  apparent. 

Not  only  are  the  foregoing  statements  true  of  meat  producers  and  consumers 
us  individuals,  but  it  is  highly  essential  to  the  entire  beef-cattle  industry,  on 
the  one  hand,  and  the  economic  welfare  of  the  beef-eating  i)ublic,  on  the  other, 
that  a  more  intelligent  understanding  of  the  different  cuts  of  meat  be  acquired 

1  Compiled  from  Illinois  Stn.  Bui.   158. 
»  U.  S.  Dept.  Agr.,  Farmers'  Bui.  435,  p.  16. 
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by  consumers  Keuerally.  An  increasetl  demand  for  those  [jortions  of  the  carcass 
which  are  now  difficult  for  the  butcher  to  dispose  of  would  contribute  largely 
toward  a  more  stable  condition  of  the  trade  and  thus  enable  the  producer  to 
oi)erate  with  greater  confidence  and  economy.  At  the  same  time  it  would  effect 
a  tremendous  saving  to  the  consumer  himself  by  more  nearly  equalizing  the 
juarl^et  values  of  the  various  cuts  and  by  enabling  the  retailer  to  oi)erate  with 
a  smaller  margin  of  profit. 

In  the  experiments  at  the  Illinois  station,  three  each  of  choice  and 
prime  steers  from  the  university  herd  where  slaughtered  and  deter- 
minations made  of  (1)  the  relative  proportions  of  lean,  visible  fat, 
and  bone  in  each  of  the  retail  and  wholesale  cuts  of  beef;  (2)  the 
chemical  composition  and  nutritive  value  of  the  boneless  meat  of  the 
various  wholesale  cuts;  and  (3)  the  net  cost  to  the  consumer  of- the 
lean,  the  gross  meat,  and  the  food  nutrients  in  each  cut  at  current 
market  prices. 

The  relative  cost  of  the  lean  and  of  the  total  meat  in  the  straight 
wholesale  cuts  at  market  prices  is  shown  in  the  following  table: 

Coat  of  lean  and  of  total  meat  in  the  straight  wholesale  cuts  at  market  jtrines. 


straight  wholesale  cuts. 

Wholesale 

price 
per  pound 

Cost  per 
pound  of 
lean  in  cut. 

Cost  per 

pound  of 

total  meat 

incut. 

Loin 

18.5 
15.0 
11.5 
9.5 
8.0 
8.0 
5.0 

CerUs. 
31.6 
27.1 
17.8 
13.7 
15.8 
22.0 
10.5 

Cent*. 
20.5 

Rfl> 

17.5 

Ro^md ... -,..,.               

13.9 

Chuck 

10.8 

Plate 

8  7 

FUvik  _ .  - 

8.0 

Fore  shank.                                               ... 

8  4 

The  net  cost  per  pounO  of  lean  is,  in  general,  greatest  in  the  cuts  which  com- 
mand the  highest  prices,  ami  vice  versa.  The  flank  is  an  exception  to  this 
rule,  and  the  chuck  is  njore  economical  in  this  resi)ect  than  the  i>late.  Re- 
ferring to  the  last  column,  it  is  also  observed  that  the  more  expensive  the 
cut  the  greater  the  cost  i)pr  i,K>und  of  yis'ble  i^i  -ind  lean  combined,  the  flank 
being  the  only  except ioij..  .  Fruiu  Jho^ie  tijfurt^  it  is  apparent  that  food  values 
of  beef  cuts  do  not  cH/i-resijond  top  their  wholesale  market  prices,  and  that  the 
cheaper  cuts  are  by  fur  the,  njo^t.  ccMRrmioat  sources  of  both  lean  and  fat 
meat.  On  the  whole,  \tie  dlfforeutJCuit^  yaVy  Hiore  Aidoly  In  net  cost  of  food 
ingredients  than  in  market  price  per  pound  of  gross  meat.  The  following 
discussion  tends  to  confirm  these  statements. 

The  manner  of  cutting  and  the  location  of  the  difFerent  retail  cuts 
are  shown  in  figure  2. 

BETAIL  CUTS. 

I*oin  cnts. — Loin  steaks  averaged  59  i>er  cent  lean,  32  i>er  cent  visible  fat,  and 
9  per  cent  bone.  Sirloin  steaks  in  general  contained  a  greater  proi)ortion  of 
lean  and  smaller  proi)ortion  of  fat  than  iwrterhouse  and  club  steaks. 

Bib  cuts. — Rib  roasts  contained,  on  the  average,  55  per  cent  lean,  30  per  cent 
visible  fat,  and  15  i)er  cent  bone.     The  greatest  percentage  of  lean  was  found 
in  the  sixth  rib  roast,  and  the  smallest  in  the  eleventh  and  twelfth  rib  cut 
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Bound  cnts. — ^The  various  cuts  made  from  the  round  averaged  65  per  cent 
lean,  18  per  cent  visible  fat,  and  17  per  cent  bone.  Round  st^ks  contained  74 
to  84  per  cent  lean,  the  rump  roast  49  per  cent,  round  pot  roast  85  per  cent, 
and  soup  bones  8  to  66  per  cent.  Tire  maximum  percentage  of  fat  was  found 
In  the  rump  roast,  and  the  maximum  i)ercentage  of  bone  in  the  hock  soup  bone. 


/        RUn7p 

/V,/ff  Soup  ^cy?ff>s. 
/3     //ock  SOL^  Sono, 

6      //^p-^fty/eparAsn^otfS^^Ag^. 
9-/5  /^^4;9srpcr/en^ouscs/ea^. 

/       P/af7/rsATtf/c 
2      SMi^. 


2  S^/'a/O^  /mroarsA 

3  T^&S^  /?A^  roa^A 

c/-/aa/<    ^ 

2-9  C/h^^c/c  sM€9/cs, 
/0'/3  /^/^roasAs, 

:    /     s^/isAtsA 

2      'A/ai^^9A 

/       5>fe»< 

2      /i^JiucA/s  so£^  ^>or?c 

3-€  Soup  ^o^?&Sf 


Fig.  2.— Retail  cuts  of  beef. 


Chuck  cuts. — These  contained  an  average  of  69  per  cent  lean,  19  per  cent  ffet, 
and  11  per  cent  bone.  Chuck  steaks  varied  from  62  to  82  per  cent  lean  and 
from  6  to  22  per  cent  fat.  The  shoulder  clod  contained  80  per  cent  lean  and 
only  5  per  cent  bone.  Relatively  more  lean  and  less  fat  were  found  in  the 
chuck  rib  roast  than  in  those  cut  from  the  prime  rib. 
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Plate  cut«.-^The  brisket,  navel,  and  rib  ends  averaged  51  per  cent  lean,  41  per 
cent  fat,  and  8  per  cent  bone.  The  brisket  and  navel  were  similar  in  propor- 
tions of  the  different  constituents,  but  the  rib  ends  were  slightly  higher  in 
percentage  of  bone  and  lower  in  lean. 

Plank  cuts. — ^The  flank  steak  contained  83  per  cent  lean  and  16  per  cent  fat ; 
and  the  flank  stew,  64  per  cent  lean  and  35  per  cent  fat, 

Pore  shank  cuts. — Soup  bones  from  the  fore  shank  varied  from  17  to  69  per 
cent  lean  and  from  25  to  75  i)er  cent  bone.  The  boneless  shank  stew  contained 
83  per  cent  lean  and  17  per  cent  visible  fat. 

Betail  trimmings. — Trimming  the  loin  steaks  reduced  their  weight  12  per  cent, 
and  the  trimmings  were  about  four-fifths  fat  and  one-fifth  bone.  Round  and 
chuck  steaks  were  reduced  but  5  per  cent  in  weight  by  trimming,  only  fat  being 
taken  from  the  former  as  a  rule  and  principally  bone  from  the  latter.  Other 
cuts  that  were  materially  affected  by  cutting  off  surplus  fat  and  bone  were  the 
rump,  shoulder  pot  roast,  and  neck. 

RELATIVE  ECONOMY  OF  THE  VARIOUS  BETAIL  CUTS. 

•  From  the  proportions  of  lean,  fat,  and  bone  in  the  different  cuts,  their  rela- 
tive economy  at  retail  market  prices  may  be  determined.  The  net  cost  of  lean 
meat  is  an  approximate  index  of  the  relative  economy  of  steaks  and  roasts,  since 
they  are  purchased  and  used  primarily  for  the  lean  they  contain ;  but  in  com- 
paring boiling,  stewing,  and  similar  meats  the  cost  of  gross  meat,  or  fat  and 
lean  combined,  should  be  more  largely  considered,  because  the  fat  is  more  com- 
pletely utilized,  as  in  the  case  of  meat  loaf,  hash,  Hamburger,  and  corned  beef. 
Soup  bones,  being  valued  for  flavoring  matter  as  well  as  for  the  nutritive  sub- 
stance they  contain,  are  more  diflScult  to  compare  with  other  cuts  in  respect  to 
relative  economy.  They  vary  materially,  however,  in  proportions  of  edible 
meat  and  waste,  and  should  therefore  be  studied  in  this  connection. 

The  following  table  shows  the  cost  of  lean  and  of  total  meat  in  the 
various  retail  cuts  at  market  prices : 


Cost  of  lean  and  of  total  meat  in  the  various  retail  cuts  at  market  prices. 


Retail  cuts. 


Steaks: 

Porterhouse,  hip  bone.. 

Porterhouse,  regular. . . 

Club  steak , 

Sirloin,  butt  end 

Sirloin,  round  bone 

Sirloin,  double  bone 

Sirloin,  hip  bone 

Flank  steak 

Round ,  first  cut 

Round,  middle  cut 

Round,  last  cut 

Cbock,  first  cut 

Chuck,  last  cut 

Roasts: 

Prime  ribs,  first  cut ... . 

Prime  ribs,  last  cut 

Chuck,  fifth  rib , 

Romp 

BoUIng  and  stewing  pieces: 

Round  pot  roast 

Shoulder  clod 

Shoulder  pot  roast 
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Diagram 

Retail  price 

Cost  per 

ppundof 

lean  meat 

incut. 

number 
(fig.  2). 

per  pound 
of  cut. 

Centi. 

On/*. 

8 

25 

38.6 

10 

25 

40.2 

18 

20 

32.1 

1 

20 

25.3 

3 

20 

28.3 

5 

20 

28.7 

7 

20 

32.3 

1 

16 

19.3 

2 

15 

17.0 

6 

15 

17.3 

14 

15 

19.3 

2 

12 

18.3 

9 

12 

15.7 

1 

20 

40.5 

4 

16 

26.1 

1 

15 

22.8 

1 

12 

19.4 

16 

10 

11.6 

14 

10 

12.3 

11 

10 

14.3 

Cost  per 
pound  of 
lean  and 
fat  meat 
Incut 


CeiOs. 


27.2 
22.6 
20.6 
21.1 
22.7 
24.2 
16.0 
15.3 
15.6 
16.0 
14.1 
13.1 

22.9 
18.8 
17.3 
12.8 

10.1 
10.5 
11.6 
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CoHt  uf  lean  and  of  total  meat  in  the  rarioux  retail  euts  at  market  prices — Con. 

Uelail  outs. 


BoilinK  and  stewing  pieces    Continued. 

Uin  ends 

Brisket 

Navel 

Flanlc  stew 

Fore  shanlc  stew 

Neck 

Soupbones: 

Hound,  knuckle 

Hind  shank,  middle  cut 

Hind  shank,  hook 

Fore  shank,  knuckle 

Fore  shank,  middle  cut 

Fore  shank,  end 


Diagram 
number 
(flg.  2). 

Retail  price 

per  pound 

of  cut. 

Cost  per 

pound  of 

lean  meat 

in  cut. 

Cost  per 
pound  of 
lean  and 
fat  meat 
Incut 

3 
1 
2 
2 

I 
15 

Cents. 

8 
8 
7 
7 

n 

Cents. 
16.2 
15.0 
12.8 
10.9 
8.5 
8.5 

Cents. 
9  2 

>.7 
7.7 
7.1 

7.n 

7.0 

2 

IS 
19 
2 
4 
(i 

5 
5 
5 
5 
5 
5 

2.5.3 
7.5 
C2.5 
17.2 
12.5 
28. 8 

12.5 
f..3 

21.6 

12.5 
a.  4 

20.9 

Taking  tlie  not  cost  of  tht*  h»nn  meat  as  a  basis  of  comparison,  we  learn  from 
these  (lata  that  the  most  e.xpeiislve  steaks  at  the  i)riees  piven  are  the  iK)rterhoiise 
cuts,  followeil  by  the  club,  sirloin,  flank,  round,  and  chuck  steaks.  Of  the  differ- 
ent roasts,  the  first-cut  prime  ribs  are  the  most  c<»stl.v  In  terms  of  lean  meat, 
and  the  rump  roa.st  Is  the  most  economical.  The  various  boiling  and  stewing 
pieces  furnish  lean  meat  more  economically  at  market  prices  than  either  the 
roasts  or  steak.s,  the  rib  ends  and  brisket  l)eing  the  dearer  cuts  of  this  class, 
while  the  neck  and  shank  stews  tire  relatively  cheapest.  Several  of  the  soup 
b(»nes  are  very  economical  sources  of  lean  meat,  particularly  the  middle  cuts 
of  both  shanks,  and  only  one  of  them  Is  extremely  expensive  even  on  this  basis. 
In  general  the  wide  variation  between  the  various  cuts  In  net  cost  of  lean  is 
remarkable,  ranging  from  7.5  cents  In  one  of  the  soui»  bones  to  40.5  cents  in  a 
prime  rib  roast,  and  up  to  (52.5  <'ents  In  the  hock  soup  bone,  the  latter,  however, 
being  use<l  primarily  for  Its  flavoring  substance  rather  than  for  lean  meat.  It 
will  be  observetl.  also,  thtit  the  market  iirlces  of  the  cheai)er  cuts  corr<^|>ond 
much  more  closely  to  their  net  cost  of  lean  meat  than  Is  true  of  the  higher- 
prlccil  steaks  and  roasts. 

The  net  cost  i)er  imund  of  gross  meat,  or  lean  and  fat  combined,  varies  much 
less  jis  betwt»en  the  different  cuts  than  does  the  net  cost  i)er  i)ound  of  lean, 
because  the  proiwrthms  of  tottil  meat  are  more  nearly  uniform  than  the  per- 
centages of  lean.  The  various  steaks  and  roasts  rank  in  substantially  the  same 
order  as  to  relative  economy  on  this  basis  as  on  the  basis  of  lean  meat.  The 
rib  roasts,  however,  are  considerably  more  economical  as  comi>jired  with  the 
porterhouse  and  sirloin  steaks  when  till  the  edible  meat  is  considered.  The  rump 
shows  a  very  low  cost  ver  iiound  of  edible  meat,  due  to  the  large  proportion  of 
fat  It  contains;  and  a  still  further  difference  Is  noticed  In  the  case  of  the  rib 
ends,  brisket,  navel,  flank,  neck,  and  several  of  the  soui>-bone  c^its.  The  stewing 
meats  are  generally  the  most  economical  sources  of  edible  meat  at  these  prices, 
while  r>orterhoiise  steaks  are  the  mt)st  exi)ensive. 

On  the  whole,  the  data  clearly  show  that  the  cheaix^r  cuts  of  beef  are  by  far 
the  most  economictil  sources  both  of  lean  and  of  total  edible  meat,  including  fat 
and  lean.  ♦  ♦  ♦  Xo  correlati(m  exists  between  market  i>rlce8  and  the  pro- 
IK)rtlon  of  flavoring  substances  containtnl  in  various  imrtions  of  the  cart^nss, 
and  cooking  tests  Indicate  that  the  i)roi)ortlon  of  waste  and  shrinkage  Is  not  nec- 
essarily greater  In  the  cheaper  than  In  the  more  expensive  cuts.  It  Is  evident. 
ther<*fore.  that  retail  prices  of  l>eef  cuts  are  determiutHl  chiefly  by  c<msldeni- 
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tlons  other  than  their  food  value,  such  as  teiideruess,  grain,  color,  geueral 
ai)i)earance,  and  convenience  of  cooking.    *    ♦    ♦ 

Belative  economy. — There  seems  to  l)e  no  relation  between  market  prices  and 
the  percentages  of  fat,  i)roteln,  extractives,  and  ash.  Tlie  cheaper  cuts  appear 
to  be  as  valuable  and  in  s<mie  cases  actually  more  so  than  the  higher  priced  cuts 
from  the  standi)oint  of  protein  and  of  energy.  These*  statements  do  not  take  into 
account  the  factors  of  tenderness  nor  the  influence  the  degree  of  fatness  may 
have  upon  the  palatability  of  c(K)ked  meat.  In  purchasing  meat  for  protein 
primarily,  the  neck,  shanks,  and  clod  are  the  most  economical  cuts;  the  plate, 
chuck,  flank,  and  round  follow;  with  the  rumm  rib,  and  loin  as  the  most  ex- 
liensive.  From  the  standpoint  of  fuel  value,  the  flank,  plate,  n(»ck,  and  shank 
cuts  are  the  cheiii>est,  while  the  rib,  loin,  and  round  are  the  most  exi)ensive. 
Considering  lM>th  factors,  pr(»teln  iind  fuel  value,  and  along  witli  these  the 
adaptability  of  tlie  meat  for  general  use  the  clod,  chu<*k,  and  plate  are  the  most 
oinmomical  cuts  at  the  retail  prices  given. 

TOBACCO  DIPS  FOR  SHEEP  SCAB.' 

The  Kentnckv  station,  in  c(K)peration  with  tlic  Hnroan  of  Animal 
Industry  of  tliis  department,  has  made  a  series  of  experiments  to 
determine  "  wliether  or  not  it  is  necessaiy  to  use  sulphur  with  tobacco 
dips  in  the  dippin^i^  of  scabby  sheep  in  order  to  effect  a  cure.''  The 
addition  of  sulphur  increasi»s  tlie  cost.  "Therefore  if  the  sulphur 
could  be  omitted  and  the  dip  still  be  effective,  it  would  in  the  a^^jre- 
gnte  save  a  lar«^e  sum  of  money  yearly  to  the  users  of  tobacco  dips." 

The  results  of  these  experiments,  which  w^ere  confirmed  by  those  of 
subsequent  dipping  tests  by  the  Bureau  of  Animal  Industry^  on  the 
we^stern  ranges  under  field  c(uiditions,  indicated  no  benefit  from  the 
addition  of  sulphur  to  the  nicotin  solutions  used  (0.05  and  0.07  per 
cent  nicotin). 

SEWAGE  DISPOSAL  FOB  BUBAL  HOMES.= 

In  modern  sewage  purification  tlie  pnx'css  is  partly  mechanic^J 
and  partly  bacterial,  consisting  of  preliminary  or  tank  treatment 
and  of  final  treatment  which  is  the  application  to  a  natural  soil  by 
surface  or  subsurface  distribution  or  to  a  specially  prepared  filter. 

As  stated  by  Prof.  Anson  Marston,  of  the  Engineering  Experiment 
Station  at  Ames,  Iowa,  the  solid  matter  in  sewage  is  allowed  to 
settle  out  in  a  sewage  tank  and  is  there  partially  destroyed  and  lique- 
fied by  facultative  and  anaerobic  bacteria,  which  also  slightly  affect 
the  dissolved  organic  matter.  The  efHuent  from  the  tank  is  then 
filtered  or  allowed  to  pass  through  surface  or  subsurface  distributing 
pipes  in  natural  soil,  in  which  processes  the  aerobic  bacteria  carry 
on  the  work  of  purification.  To  make  conditicms  most  favorable  for 
bacterial  action  the  sewage  in  the  tank  should  be  entirely  at  re.st 
and  light  and  air  should  be  excluded,  and  since  in  the  filters  or  dis- 


»  (^omplled   from   K«'ntiu'ky   Stn.   Hul.   ir»7. 

2  Complloil  from   lown   Kn^jln.  Stn.  liul.  i\:  Kansas  Sta.  Uul.   14:J;  MIssoiirf   lin^zln,  Sta. 
Hill.  .T;  WlHConsIn  Sla.  (Mrc.  :\\  ;  Uiil.  N.  C.  H«l.  lloaltli,  JT  ilDTJ).  No.  1. 
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20  EXPERIMENT   STATION   WORK,   LXXIV. 

tributing  systems  the  aerobic  bacteria  must  be  supplied  with  air,  it 
is  necessary  that  the  discharge  of  effluent  from  the  tank  b^ 
intermittent. 

The  investigations  of  C.  A.  Ocock  and  W.  H.  Wright,  of  .the 
Agricultural  Experiment  Station  at  Madison,  Wis.,  of  W.  C.  David- 
son, of  the  Engineering  Experiment  Station  at  Columbia,  Mo.,  of 
Oscar  Erf,  of  the  Agricultural  Experiment  Station  at  Manhattan, 
Kans.,  and  of  W.  H.  Booker,  of  the  North  Carolina  Board  of  Health, 
indicate  that  in  the  design  of  the  settling  compartment  of  a  private 
septic  tank  a  capacity  should  be  allowed  of  from  5  to  15  cubic  feet, 
or  40  to  80  gallons  per  person  served,  depending  vSomewhat  on  the 
quantity  of  water  used.  Two  compartments  are  necessary  for  satis- 
factory service,  one  for  receiving  the  sewage,  and  in  which  sedimenta- 
tion, bacterial  action,  and  the  liquefying  process  take  place,  and  the 
other  serving  merely  as  a  discharge  chamber  in  which  the  automatic 
siphon  is  placed.  The  capacity  of  the  settling  chamber  should 
approach  the  larger  limit  in  order  that  it  may  hold  from  24  to  30 
hours  of  sewage.  The  discharge  chamber  should  be  of  such  capacity 
and  the  automatic  siphon  so  adjusted  as  to  cause  a  discharge  about 
every  12  hours.  In  arranging  this  accurate  data  should  be  obtained 
from  manufacturers  of  automatic  siphons  regarding  the  adjustment, 
discharge  depths,  and  discharge  capacities  of  siphons  in  order  that 
the  discharge  chamber  be  built  at  the  proper  depth  and  capacity  to 
discharge  the  required  quantity  at  the  stated  intervals.  The  tank 
should  be  constructed  as  nearly  water-tight  as  possible,  preferably 
of  concrete,  and  some  means  should  be  provided  at  the  bottom  to 
facilitate  the  cleaning  out  of  the  settled  sludge.  The  inlet  should  be 
provided  with  an  elbow  so  as  to  discharge  below  the  water  line  and 
the  escape  pipe  in  the  partition  wall  should  be  arranged  in  the  same 
way.  Where  the  flow  is  very  strong  baffle  boards  or  walls  should 
be  arranged  before  these  openings  to  retard  the  current.  The  tank 
should  be  at  least  175  feet  away  from  the  house,  and  the  sewer  from 
house  to  tank  should  be  of  vitrified  sewer  pipe  with  carefully  cemented 
joints  and  laid  to  a  grade  of  not  less  than  1  foot  in  100  feet. 

Figure  3  is  a  design  of  a  septic  tank  submitted  by  W.  C.  Davidson, 
of  the  Missouri  Engineering  Experiment  Station,  which  is  large 
enough  to  provide  for  the  sewage  disposal  of  a  family  of  six.  This 
tank  is  suited  to  conditions  where  plenty  of  fall  is  available  for  the 
outlet. 

The  bill  of  material  for  the  above  septic  tank  is  as  follows: 

Cement,  22  sacks. 

175  feet  4-lnch  vltritied  clay  i)Ii)e  for  the  sewer  from  house  to  tank  anri 

for  outlet. 
10  feet  3-inch  vitrified  clay  pipe. 
Automatic  siphon. 
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The  necessan'  sand  and  gravel  can  usually  be  obtained  from  near- 
by creeks.  When  the  excavation  is  made  the  outside  wall  may  be 
used  for  the  outside  form  for  the  concrete. 


/=>£-^/S/ 


Fio.  3. — Small  concrete  septic  tank. 


Figure  4  is  a  design  of  a  septic  tank  submitted  by  Messrs.  Ocock 
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Fig.  4. — Double-chamber  tank  for  a  seven-room  house. 

and  Wright  which  is  suitable  for  a  family  of  about  six.  It  will  be 
noted  that  the  floor  of  the  discharge  chamber  in  this  design  is  con- 
siderably above  the  floor  of  the  settling  chamber.     This  design  is 
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22  EXPERIMENT   STATION    WORK,    LXXIV. 

particularly  buit<?d  to  flat  ground  where  outlet  fall  is  difficult  to 
obtain. 

The  bill  of  material  for  this  septic  tank  is  as  follows: 

(Vuieiit,  5.5  barrels. 
Sand,  2  cubic  yards. 
<T ravel,  3  cubic  yards. 
lU»enfon'inK  stet^l. 
Iron  pipe  for  vent. 
Automatic  siphon. 

The  proportions  of  the  con- 
crete in  these  tanks  may  vary 
from  1  part  cement,  2  parts 
sand  and  4  parts  gravel,  to  1 
part  cement  to  2  parts  sand  to 
0  parts  gravel. 

The  disposal  system  for  sub- 
surface distribution  of  the  tank 
effluent  is  described  by  Messrs. 
OccK*k  and  Wright  as  follows: 
The  system  consists  of  tile  so 
laid  that  the  liquid  sewage  is 
quickly    absorbed   by   the   soil 
Fig.  5.— Cross-section  of  a  singicUie  system.       ^vheii  intermittently  discharged 
from  the  tank.    The  disposal  tile  as  shown  in  figure  5  should  be 
placed  in  the  ground  not  deeper  than  14  inches  to  IG  inches  from 
the  surface  of  the  soil  to  the  top  of  the  tile.     Aeration  of  heavy 


Fl(j,  G. — Ground  plan  of  absoiiJtiou  system. 

soils  can  be  brought  about  by  the  \ise  of  coarse  cinders  or  gravel 
laid  in  12-inch  to  lO-inch  layers  in  the  bottom  of  the  tile  ditch, 
with  the  top  about  12  inches  below  the  surface.     The  disposal  tile 
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KiG.  7. — Plumbing  system  for  sewage  disposal. 
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should  have  a  fall  not  to  exceed  1  inch  in  50  feet,  else  the  water 
will  all  rush  to  the  lower  end,  and  in  a  short  time  the  soil  will 
become  waterlogged  there.  The  tile  used  are  the  ordinary  4-incli 
drain  tile,  laid  about  one-fourth  inch  apart.  One  foot  of  tile  should 
be  provided  for  every  gallon  of  water  discharged  into  the  system, 
but  for  heavy  soils  2  feet  of  tile  per  gallon  should  be  provided  to 
give  the  best  results.  Figure  6  shows  the  ground  plan  of  such  a 
system-.  About  325  to  400  tile  are  required  with  gravel  and  cinders 
for  a  family  of  six. 

The  house  plumbing  should  be  carefully  done,  and  an  experienced 
plumber  should  be  employed  for  this  work.  Figure  7  is  a  design  for 
the  house  sewer  plumbing  submitted  by  W.  C.  Davidson  of  the  Mis- 
souri Engineering  Experiment  Station. 

The  prices  for  materials  will  vary  in  different  localities. 

o 

527 


Digitized  by 


Google 


lasued  April  12, 1918. 

U.  S.  DEPARTMENT  OF  AGRICULTURE. 


FARMERS'  BULLETIN  528. 


HINTS  TO  POULTRY  RAISERS. 


/ 
\ 


BY 


HARRY   M.  LAMON, 

Senior  Animal  Husbandman  in  Poultry  Investigations, 

Animal  Husbandry  Division,  Bureau  of  Animal  Industry. 


WASHINGTON; 
GOVERNMENT  PRINTING  OFFICE. 

ins. 

Digitized  by  CjOOQIC 


LETTEE  OF  TEAI^SMITTAL. 


U.  S.  Department  of  Agricultuiie, 

Bureau  of  Animal  Industry, 
Washington^  D,  (7.,  January  SO^  191S. 
feiR :  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin,  a  paper  entitled  "  Hints  to  Poultry 
Raisers,"  prepared  by  Mr.  Harry  M.  Lamon,  senior  animal  husband- 
man in  poultry  investigations  in  the  Animal  Husbandry  Division  of 
this  bureau,  under  the  direction  of  Mr.  George  M.  Rommel,  chief  of 
that  division.    This  paper  is  a  revision  of  Circular  206  of  this  bureau. 
Respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SELECTION  OF  A  BBEED. 

Be  sure  that  the  male  at  the  head  of  the  flock  is  purebred. 

The  Mediterranean  or  egg  breeds  are :  Leghorns,  Minorcas,  Span- 
ish, Blue  Andalusians,  and  Aneonas. 

The  American  or  general-purpose  breeds  are:  Plymouth  Rocks, 
Wyandottes,  Javas,  Dominiques,  Rhode  Island  Reds,  and  Buckeyes. 


Fig.  1. — Brood  coops  with  hens  and  chickons  on  a  well-managed  poultry  farm. 

The  Asiatic  or  meat  breeds  are:  Brahmas,  Cochins,  and  Langshans. 

The  English  breeds  are:  Dorkings,  Orpingtons,  and  Redcaps. 

For  farm  use  the  American  breeds  are  probably  the  best. 

Purebred  poultry  means  uniformity  of  products. 

Uniformity  of  products  means  increased  profits,  if  products  are 
properly  marketed. 

Given  the  same  care  and  feed,  purebred  fowls  will  make  a  greater 
profit  than  mongrels. 
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8  HINTS  TO  POULTKY  RAISERS. 

Subscribe  for  a  good  poultry  paper. 

Every  poultry  keeper  should  have  a  copy  of  the  American  Stand- 
ard of  Perfection.^ 

AETmCIAL  AND  NATURAL  nrCTTBATION  ASB  BROODING. 

Have  everything  ready  beforehand  and  start  your  hatching  opera- 
tions early  in  the  year. 

A  well-ventilated  cellar  is  the  best  place  to  operate  the  incubator. 

The  machine  should  be  operated  according  to  the  manufacturer's 
directions. 

See  that  the  incubator  is  running  steadily  at  the  desired  tempera- 
ture before  filling  it  with  eggs.  Do  not  add  eggs  to  a  machine  dur- 
ing incubation. 

Turn  the  eggs  twice  daily  after  the  second  and  through  the 
eighteenth  day.  Cool  the  eggs  once  daily,  according  to  the  weather, 
from  the  seventh  through  the  eighteenth  day. 

Turn  the  eggs  before  caring  for  the  lamp. 

Attend  to  the  machine  carefully  at  regular  hours. 

Keep  the  lamp  and  wick  clean. 

Test  the  eggs  on  the  seventh  and  fourteenth  days. 

Do  not  open  the  machine  after  the  eighteenth  day  until  the  chick- 
ens are  hatched. 

Eggs  saved  for  hatching  purposes  should  not  be  subjected  to 
high  or  low  temperatures. 

In  cold  weather  place  from  10  to  13  eggs  under  the  hen ;  in  warm 
weather  from  13  to  15. 

Always  test  the  hen  on  china  or  nest  eggs  before  setting. 

Given  proper  care  and  attention,  the  hen  is  the  most  valuable 
incubator  for  the  farmer. 

Use  insect  powder  freely  to  exterminate  lice  when  necessary. 

February,  March,  and  April  are  the  best  months  for  hatching. 

If  several  hens  are  set  in  one  room,  it  is  desirable  to  confine  them 
in  good  nests. 

Straw  and  hay  make  good  nesting  material. 

Broody  hens  should  be  moved  to  the  permanent  sitting  nest  at 
night. 

AVhole  corn  is  a  good  feed  for  sitting  hens.  Water,  grit,  and  dust 
baths  should  also  be  provided. 

All  eggs  should  be  tested  by  the  seventh  day,  which  often  makes  it 
possible  to  reset  some  of  the  hens. 

^  This  Is  the  official  standard  of  the  American  Poultry  Association  and  may  be  obtained 
from  the  secretary,  Mr.  S.  T.  Campbell,  Mansfield,  Ohio. 
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HINTS  TO  POULTRY  RAISERS.  9 

Toe-mark  the  chicks  as  soon  as  they  are  hatched.  This  enables  one 
to  tell  their  ages  later. 

Powder  the  chicks  occasionally  during  the  first  eight  weeks. 

Start  the  brooder  a  day  or  two  before  putting  in  the  chicks  to  see 
that  the  heating  apparatus  is  working  properly. 

Brooder  lamps  should  be  cleaned  every  day. 

A  record  should  be  kept  of  each  hatch,  showing  the  date  set, 
number  and  kind  of  eggs,  number  tested  out,  and  the  chickens 
liatched. 

Chicks  should  not  receive  feed  imtil  they  are  36  hours  old. 

In  cool  weather  10  to  13  chicks  are  sufficient  for  one  hen,  while  in 
warmer  weather  15  to  20  c»n  be  cared  for  successfully. 

Never  mix  chieks  of  different  ages. 

Confine  the  hen  until  the  chicks  are  weaned. 

The  coop  for  hen  and  chicks  should  be  well  ventilated,  easy  to 
clean,  and  of  sufficient  proportions  to  insure  comfort. 

The  early  hatched  pullet  is  th^  one  that  begins  to  lay  early  in  the 
fall,  when  eggs  are  high  in  price. 

The  cockerel  that  can  be  marketed  as  a  broiler  in  March  or  April 
brings  more  money  than  the  one  marketed  in  June. 

POTTLTEY  HOUSES  AND  nxTTTEES. 

Select  a  location  that  has  natural  drainage  away  from  the  building. 

A  dry,  porous  soil,  such  as  sand  or  gravelly  loam,  is  preferable  to 
a  clay  soil. 

In  most  localities  the  building  should  face  the  south,  as  this  insures 
the  greatest  amount  of  sunlight  during  the  winter. 

Allow  at  least  2  square  feet  of  floor  space  per  bird. 

Proper  ventilation  and  sunlight  mean  a  dry  house  and  healthy 
birda 

The  partial  open-front  house  is  conceded  to  be  the  best  type  for 
most  sections. 

The  colony  plan  of  housing  poultry  may  be  adopted  to  good 
advantage  on  many  farms.  This  system  does  away  with  the  danger 
of  tainted  soil. 

The  roosts  should  be  built  on  the  same  level,  2  feet  6  inches  from 
the  floor,  with  a  dropping  board  about  8  inches  below  them. 

Good  roosts  may  be  made  of  2  by  2  inch  material  with  upper  edges 
rounded. 

The  nests  may  be  placed  on  the  side  walls  or  under  the  dropping 
boards.  It  is  best  to  have  them  darkened,  as  the  hens  prefer  a 
secluded  place  in  which  to  lay. 
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HINTS  TO  POULTRY  RAISERS. 

FEEDDTO. 


In  order  to  obtain  eggs  it  is  necessary  to  have  healthy,  vigorous 
stock,  properly  fed. 


Nature  provides— 

Scientific  clas^cation. 

Poultrymen  feed— 

Wormi?  ftnd  f>ii£[^. .  _ . . , 

Nitrogenous  material  or  protein . . 
NonnitroRenous 

EggSf  meat  (green  cut  "bcaie  or  beef 

Seeds 

scrap),  milk,  or  oottsie  cheese. 
Wheat,  oats,  com,  barley,  etc. 
Lettuce,  cabbage,   kale,   mangels, 

alfalfa,  clover,  sprouted  oau,  etc 
Grit  and  oyster  shell. 
Water. 

Otwf^s 

Succulents 

Grit 

Mineral  matter 

Water 

Water 

A  splendid  mixture  for  laying  hens  is  equal  parts  of  cracked  com, 
wheat,  and  oats,  which  should  be  scattered  in  the  litter. 

Bran  or  middlings  and  beef  scraps  should  be  kept  in  receptacles 
to  which  the  fowls  have  access  at  all  times. 

Plenty  of  exercise  increases  the  egg  yield. 

Provide  4  or  5  inches  of  good,  clean  litter  in  which  to  scatter  the 
grain. 

Cabbages,  mangels,  potatoes,  sprouted  oats,  etc.,  make  excellent 
green  feed. 

When  wet  mashes  are  fed,  be  sure  they  are  crumbly  and  not  sticky. 

For  the  first  three  days  chicks  may  be  fed  a  mixture  of  equal  parts 
hard-boiled  eggs  and  stale  bread,  or  stale  bread  soaked  in  milk. 
When  bread  and  milk  are  used,  care  should  be  exercised  to  squeeze  all 
milk  out  of  the  bread.  From  the  third  or  fourth  day  until  the  chicks 
can  eat  wheat  and  cracked  com,  commercial  chick  feed  is  a  good 
ration. 

Plenty  of  pure,  fresh  water,  grit,  shell,  and  green  feed  should  be 
available  from  the  first  day. 

There  is  very  little  danger  of  overfeeding  young  stock. 

Feed  the  chickens  about  five  times  daily  and  only  what  they  will 
eat  up  clean  in  a  few  minutes,  except  at  night,  when  they  should 
receive  all  they  want. 

E€KJ  PEODTTCilON. 

Produce  the  infertile  egg.     (See  Rule  5,  last  page.) 

Infertile  eggs  are  produced  by  hens  having  no  male  birds  with 
them. 

Removing  the  male  bird  has  no  influence  on  the  number  of  eggs 
laid  by  the  hens. 

The  hen's  greatest  profit-producing  period  is  the  first  and  second 
years,  and  unless  a  hen  is  an  exceptionally  good  breeder  she  should  be 
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disposed  of  at  the  end  of  her  second  laying  season  and  before  starting 
to  molt. 

Few  eggs  can  be  expected  until  the  pullets  are  matured. 

If  possible,  mark  the  pullets  that  lay  in  the  fall,  and  use  them  in 
the  breeding  pen  for  the  following  spring. 

Soft-shelled  eggs  are  often  caused  by  fowls  being  confined,  becom- 
ing overfat,  and  from  lack  of  mineral  matter. 

HABKETINO. 

Uniform  products  command  the  best  prices.  Purebred  fowls  pro- 
duce uniform  products. 

Begin  marketing  the  cockerels  as  soon  as  they  weigh  1^  pounds  or 
attain  a  marketable  weight. 

Market  white-shelled  and  brown-shelled  eggs  in  separate  packages. 

When  selling  eggs  to  the  country  merchant  or  cash  buyer,  insist 
that  the  transaction  be  on  a  quality  basis. 

Ship  or  deliver  eggs  twice  or  three  times  weekly. 

Small  or  dirty  eggs  should  be  used  at  home. 

When  taking  eggs  to  market  they  should  be  protected  from  the 
sun's  rays. 

Infertile  eggs  will  withstand  marketing  conditions  much  better 
than  fertile  eggs. 

LICE  AND  MITES. 

The  free  use  of  an  effective  lice  powder  is  always  in  order. 

A  dust  bath  is  very  essential  in  ridding  the  fowls  of  lice. 

In  applying  powder  hold  the  fowl  by  the  feet,  head  down,  and  work 
the  powder  well  down  into  the  feathers. 

The  free  use  of  kerosene  on  the  roosts  and  in  the  cracks  will  ex- 
terminate mites. 

Whitewash  is  very  effective  against  vermin. 

COMMON  DISEASES  AND  TREATMENT. 

All  diseased  birds  should  be  isolated. 

Colds  and  roup. — Disinfect  the  drinking  water  as  follows:  To  each 
gallon  of  water  add  the  amount  of  potassium  permanganate  that  will 
remain  on  the  surface  of  a  dime. 

Canker. — Sprinkle  a  little  flowers  of  sulphur  in  the  mouth  and 
throat  of  the  bird,  and  put  some  chlorate  of  potash  in  the  water. 
Also  carefully  remove  the  exudate  with  the  aid  of  warm  water  and 
apply  a  2  per  cent  solution  of  creolin  to  the  diseased  tissue. 

Chicken  pox. — Apply  a  touch  of  iodin  and  carbolated  vaseline  to 
each  sore. 
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12  HINTS  TO  POULTRY  RAISERS. 

Oapes. — ^New  ground  and  vigorous  cultivation  will  often  remedy 
this  trouble. 

Scaly  legs. — Apply  vaseline  containing  2  per  cent  of  creolin  to  the 
affected  parts,  and  after  24  hours  soak  in  wann  soapy  water.  Kepeat 
treatment  until  cured.      - 

Diarrhea  in  hens. — Low-grade  wheat  flour  or  middlings  is  good  for 
this  trouble.  Also  give  teaspoon ful  of  castor  oil  containing  five 
drops  of  oil  of  turpentine  to  each  fowl. 

Bowel  trouble  in  chicks. — Well-boiled  rice  mixed  with  a  little  char- 
coal will  often  check  this  complaint.  Dissolve  15  grains  of  crude 
catechu  in  each  gallon  of  drinking  water. 

BTTLES. 

It  is  urged  that  all  farmers  and  poultrymen  adhere  strictly  to  the 
following  rules  in  handling  their  poultry  and  eggs : 

1.  Keep  the  nests  clean ;  provide  one  nest  for  every  four  hens. 

2.  Gather  the  eggs  twice  daily. 

3.  Keep  the  eggs  in  a  cool,  dry  room  or  cellar. 

4.  Market  the  eggs  at  least  twice  a  week. 

6.  Sell,  kill,  or  confine  all  male  birds  as  soon  as  the  hatching  season 
is  over. 
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LETTER  OF  TRAInTSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  0.,  March  8, 191S. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  Vetch 
Growing  in  the  South  Atlantic  States,"  by  Mr.  A.  G.  Smith,  Agricul- 
turist, Office  of  Farm  Management,  of  this  Bureau.  This  manuscript 
was  prepared  by  Mr.  Smith  under  special  arrangement  with  the  Office 
of  Forage-Crop  Investigations. 

The  use  of  vetch  is  rapidly  increasing  in  these  States,  and  it  is  to 
encourage  the  proper  use  of  this  crop  and  to  furnish  information 
to  the  farmers  of  this  great  district  in  particular  that  the  data  here 
given  are  submitted. 

Respectfully,  B.  T.  Gaixoway, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture, 
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VETCH  GROWING  IN  THE  SOUTH 
ATLANTIC  STATES. 


INTBODTTCTION. 

Vetch  is  grown  on  practically  every  type  of  soil  in  North  Carolina, 
South  Carolina,  and  Georgia.  Nearly  all  the  plantings  are  small, 
as  most  growers  have  just  begun  to  plant  vetch,  but  on  some  farms 
where  it  has  become  well  established  50  acres  or  more  are  planted 
annually.  In  the  fall  of  1911  approximately  1,000  plantings  were 
made  in  South  Carolina  alone.  Lack  of  knowledge  of  the  proper 
cultural  methods  caused  many  failures,  but  where  the  principles 
involved  in  vetch  growing  were  followed  successful  results  were 
obtained. 

Vetch  should  occupy  an  important  place  in  the  agriculture  of  these 
States.  In  four  years'  comparisons  on  over  800  fields,  vetch,  more 
particularly  hairy  vetch,  has  consistently  made  heavier  growths  and 
greater  yields  than  crimson  clover,  red  clover,  or  bur  clover,  although 
under  favorable  conditions  these  have  done  well.  Vetch  is  high  in 
protein  content,  is  a  good  hay,  pasture,  and  soiling  crop,  and  its  more 
general  growth  would  aid  in  the  development  of  the  live-stock  in- 
dustry and  remove  much  of  the  existing  necessity  for  buying  hay 
outside  the  State.  Vetch  is  used  as  a  caver  crop  to  prevent  the  leach- 
ing and  washing  of  soils.  Like  all  legumes,  it  improves  land  by 
adding  nitrogen  and  organic  matter  to  the  soil.  As  it  grows  through 
the  winter  and  spring  and  may  be  harvested  in  time  to  plant  com, 
cowpeas,  and  sometimes  cotton  on  the  same  land,  it  should  be  used  in 
building  up  impoverished  soils  and  in  maintaining  the  productivity 
of  the  land. 

The  vetch  crop  does  not  require  horse  or  man  labor  at  any  time 
when  this  is  needed  for  the  cowpea  crop,  except  possibly  at  the 
harvest  time  of  cowpea  hay. 

KINDS  OP  VETCH  CTTLTIVATED  IN  THE  SOUTH  ATLANTIC  STATES. 

There  are  many  kinds  of  vetch,  but  only  three  are  cultivated  to  any 
extent  in    the    South    Atlantic    States.     These    are    the    so-called 
"native"    vetch,   but  more   properly   called    narrow-leaved    vetch 
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{Vicia  angustifolia) ^  since  it  is  not  native  but  is  an  introduced 
species  that  has  become  wild;  English,  Oregon,  or  common  vetch 
{Vicia  sativa) ;  and  hairy  or  sand  vetch  {Vicia  vUlosa). 

The  "native"  or  narrow-leaved  vetch  is  found  growing  wild  by 
roadsides,  in  waste  places,  and  frequently  in  meadows  and  pastures. 
It  is  not  grown  to  any  extent  in  plowed  fields.  It  grows  erect  when 
the  plants  are  close  together,  ^  hardy,  and  matures  earlier  than  the 
other  varieties,  ordinarily  ripening  seed  from  April  15  to  May  10  in 
South  Carolina,  although  in  early  seasons  some  seed  may  be  ripe  by 


Fio.  1. — Plants  of  English,  Oregon,  or  common  vetch   {VMa  aativa), 

the  last  of  March.  It  does  not  grow  so  large  as  the  other  varieties, 
although  when  planted  thick  it  makes  heavy  yields.  When  ripe  the 
pods  burst  open  and  scatter  the  seed. 

Common  vetch  (fig.  1)  grows  erect  where  the  plants  are  close  to- 
gether and  ordinarily  has  from  three  to  five  stalks  to  the  plant  It 
resembles  the  narrow-leaved  vetch,  but  grows  larger  and  does  not 
shed  its  seed  so  readily.  It  is  also  later  in  maturing,  ripening  seed 
from  May  10  to  May  25  in  South  Carolina.  It  is  not  so  hardy  as 
either  the  narrow-leaved  or  hairy  vetch,  being  subject  to  winter- 
killing at  temperatures  lower  than  15®  F.  It  does  not  do  well  on 
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light  lands  or  in  dry  seasons,  the  best  results  being  obtained  on 
loamy  soils  with  a  moderate  rainfall.  Where  conditions  are  favor- 
able, it  yields  as  large  crops 
as  hairy  vetch  and  is  much 
more  easily  handled. 

Hairy  vetch,  or  sand  vetch 
(fig.  2),  has  a  much  more  re- 
cumbent or  reclining  growth 
than  common  vetch.  Unless 
sown  with  some  other  crop  to 
give  it  support,  it  falls  down 
and  is  more  or  less  difficult 
to  harvest.  Each  stalk  pro- 
duces from  5  to  100  branches 
(the  number  depending  on  the 
opportunity  given  the  plant), 
frequently  from  6  to  9  feet 
long.  It  usually  matures 
from  May  20  to  June  10  in 
the  latitude  of  South  Caro- 
lina. The  first  pods  near  the 
ground  ripen  while  the  top  of 
the  plant  is  still  in  bloom. 
Hairy  vetch  is  very  hardy  and 
never  winterkills  in  the  South 
Atlantic  States  when  properly 
handled.  Heavy  yields  have 
been  made  on  all  types  of  soil. 
The  name  "  sand  vetch "  is 
applied  to  it  on  account  of  its 
ability  to  do  well  on  sandy 
soil.  It  is  hardier  than  com- 
mon vetch,  and  when  planted 
side  by  side  with  it  on  land 
that  has  never  previously 
grown  vetch  it  frequently 
makes  a  heavy  growth  when 
conunon  vetch  is  a  complete 
failure  (fig.  3).  For  this  rea- 
son hairy  vetch  should  be 
grown  on  the  land  before  at- 
tempting to  grow  common 
vetch.  Many  failures  have  been  made  by  using  common  vetch  on 
land  that  should  have  been  planted  with  hairy  vetch.     W\\en  the 
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land  is  suitable,  well  inoculated,  and  fairly  fertile,  common  vetch 
does  well,  and  because  it  is  earlier,  more  easily  handled,  and  less 
expensive  in  seeding  it  is  preferred  to  hairy  vetch,  but  for  general 
purposes  it  is  not  so  successful. 

FERTILIZING  VALTIE  OP  VETCH. 

The  greatest  value  of  vetch  lies  in  its  fertilizing  powers,  due  to 
the  fact  that,  like  other  legumes,  it  is  able  to  use  the  free  nitrogen 
of  the  air  through  the  aid  of  bacteria  which  live  in  the  nodules  on 
the  roots.  When  plowed  under,  the  plants  decay  quickly.  A  ton  of 
hairy- vetch  hay  contains  about  50  pounds  of  nitrogen,  while  the  roots 
and  stubble,  including  the  nodules,  contain  approximately  one-fourth 


Pig.  3. — Field  showing  hairy  vetch  with  oats  (at  the  left)  and  common  vetch  alone  (at 
the  rljfht),  sown  on  clay  land  for  the  first  time,  indicating  the  superior  hardiness  of 
hairy  vetch. 

as  much  more.  This  makes  a  total  yield  of  62.5  pounds  (from  one- 
fourth  to  three- fourths  of  which  probably  comes  from  the  air),  which 
is  equal  to  the  nitrogen  in  417  pounds  of  nitrate  of  soda.  This,  at 
$48  per  ton,  is  worth  $10.  Besides  nitrogen,  vetch  furnishes  organic 
matter  which  is  valuable  in  improving  the  physical  condition  of  the 
soil  and  in  making  available  the  mineral  elements  of  plant  food  in 
the  soil. 

Vetch  will  increase  the  growth  of  a  following  crop  of  cowpeas 
more  than  a  crop  of  cowpeas  will  increase  a  crop  of  vetch.  Observa- 
tion of  the  results  and  the  percentage  of  nitrogen  in  the  two  plants 
indicate  that  vetch  is  superior  to  cowpeas  in  building  up  the  pro- 
ductiveness of  the  land.  A  ton  of  cowpea  hay  contains  approximately 
only  four-fifths  as  much  nitrogen  as  a  ton  of  vetch  hay. 
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TIME  FOB  FLANTINa  VETCH. 

The  fact  that  vetch  if  not  harvested  will  reseed  itself,  the  seed 
lying  on  the  ground  after  maturihg  in  the  spring  and  coming  up  in 
the  fall,  shows  that  the  season  of  planting  extends  over  a  long  period. 
Vetch  may  be  planted  at  any  time  from  August  imtil  December,  in- 
clusive, but  the  best  results  are  obtained  by  planting  from  August 
15  lO  October  15.  In  years  when  the  seasons  are  favorable,  espe- 
cially when  the  land  is  fertile  and  well  inoculated,  late  planting  may 
do  well,  but  as  a  rule  there  is  considerable  risk  in  seeding  after 
October  15.  If  the  vetch  gets  well  started  and  is  inoculated  there  is 
little  danger  from  any  hot  or  dry  weather  that  may  occur  in  the  fall, 
but  it  should  have  time  to  become  firmly  rooted  before  cold  weather 
sets  in.     Late  fall-planted  vetch  suffers  from  dry  weather  in  the 


Fig.  4. — Field  showing  hairy  vetch  planted  In  cotton  after  the  first  picking.     Yield,  1,000 
pounds  of  seed  cotton  and  li  tons  of  hairy  vetch. 

spring  much  more  than  the  earlier  fall-planted  and  better  rooted 
vetch.  In  the  spring  of  1910  and  1911  there  were  many  failures  in 
South  Carolina  with  vetch  planted  as  late  as  December  1  because  it 
failed  to  get  sufficient  root  growth  to  withstand  the  spring  droughts. 
In  the  winter  of  1911  and  1912  much  of  the  late-planted  vetch  was 
killed  by  the  cold  weather  before  it  got  well  started. 

Vetch  may  be  planted  in  cotton  when  it  is  laid  by  or  after  the 
first  or  second  picking.  Figure  4  shows  a  field  in  Newberry  County, 
S.  C,  of  vetch  planted  in  cotton  after  the  first  picking  in  September. 
This  cotton  yielded  1,000  pounds  of  seed  cotton  and  the  vetch  yielded 
approximately  1^  tons  of  hay  to  the  acre. 
83253**-— Bull.  529—13 2 
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aTTANTITT  OF  SEED   EEaiTIBED. 

Inasmuch  as  narrow-leaved  vetch  seed  is  difficult  tew  obtain  and  is 
not  commonly  sown,  nothing  definite  as  to  the  quantity  of  seed  re- 
quired has  been  determined.  As  the  seeds  are  small,  25  pounds  per 
acre  are  probably  sufficient.  With  common  vetch  45  pounds  are 
used  by  the  best  growers.  In  order  to  facilitate  the  harvesting  of  the 
hay,  it  is  customary  to  sow  from  one-half  bushel  to  a  bushel  of  oats 

per  acre  with  the 
common  vetcli. 
Thirty  pounds  of 
good  hairy  vetch 
seed  and  from  1 
to  2  bushels  of  oats 
per  acre  are  usually 
sown.  Where  hairy 
vetch  has  been 
gro\Yn  previously, 
20  to  25  pounds  of 
vetch  seed  and  2 
bushels  of  oats, 
handled  properly, 
will  give  good 
yields  on  fertile 
soils. 

If  vetch  is  used 
for  soiling,  from  50 
to  80  per  cent  more 
seed  should  be 
sown  than  when 
planted  for  hay.  If 
used  as  a  winter 
cover  crop,  smaller 
quantities  will  give 
good  results. 

The   seed    should 


Fio.  5. — Roots  of  hairy  vetch,  showing  nodules. 


be  tested  before  planting  and  the  quantity  of  seed  sown  per  acre  regu- 
lated accordingly  because  of  the  variability  in  the  germination  of 
vetch  seed.  This  variability  is  due  partly  to  the  unevenness  of  the 
ripening  of  the  vetch  seed  and  partly  to  the  fact  that  some  of  the 
seed  must  necessarily  be  harvested  in  an  immature  state. 

INOCULATION  OF  VETCH. 

On  land  that  has  never  grown  vetch,  the  best  results  are  obtained 
by  inoculation.     The  nitrogen-gathering  bacteria,  which  take  nitro- 
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gen  from  the  air,  must  be  present  in  the  soil  before  a  satisfactory 
gi-owth  can  be  made.  The  presence  of  the  bacteria  is  indicated  by 
the  nodules  on  the  roots  of  the  vetch  plants,  as  shown  in  figure  5.  A 
part  of  the  nitrogen  produced  by  these  bacteria  is  used  by  the  plant 
and  the  remainder  goes  into  the  soil  when  the  nodules  decay.  With- 
out nitrogen-gathering  bacteria  the  vetch  plants  come  up  in  the  fall, 
but  turn  red  and  die  or  make  a  poor  growth  the  succeeding  spring. 

In  some  communities  where  narrow-leaved  vetch  is  found  growing 
wild  there  are  occasionally  enough  bacteria  already  in  the  soil  to  pro- 
duce good  results,  but  this  is  rarely  the  case.    Bottom  lands  subject 


Pig.  6. — Field  showing  the  result  of  the  proper  inoculation  of  vetch.  The  inoculating  soil 
was  covered  as  soon  as  applied.  In  the  rows  where  no  vetch  Is  seen  the  Inoculating  soil 
was   exposed   to   the   sun   for   an    hour. 

to  overflow  are  usually  well  inoculated  for  vetch,  but,  unless  it  is 
positively  known  that  the  necessary  bacteria  are  present,  the  vetch 
.should  be  inoculated. 

There  are  two  principal  ways  of  inoculation:  (1)  By  the  use  of 
artificial  vetch  culture,  such  as  is  distributed  by  the  T'^nited  States 
Department  of  Agriculture;  and  (2)  by  using  soil  from  a  field  where 
vetch  has  recently  grown  thriftily.  The  second  method  has  proved 
more  uniformly  successful.  Soil  from  spots  where  narrow-leaved 
vetch  has  grown  will  inoculate  for  all  kinds  of  vetch.  Special  care 
should  be  taken  to  avoid  using  soil  that  contains  noxious  weeds  or 
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is  infested  with  plant  diseases.  Soil  for  inoculation  can  be  used 
to  a  depth  of  6  or  8  inches.  It  should  be  protected  from  the  sun- 
light as  much  as  possible  while  it  is  being  transferred  from  one 
field  to  another  and  should  be  worked  in  with  a  harrow  or  drag  as 
soon  as  applied.  As  the  direct  rays  of  the  sun  kill  the  bacteria,  bet- 
ter results  are  usually  obtained  if  this  transfer  is  made  on  a  cloudy 
day,  early  in  the  morning  or  late  in  the  evening. 

Figure  6  shows  a  plat  of  vetch  planted  in  cotton  with  a  guano 
distributor.  The  seed  and  inoculating  soil  were  put  down  together 
and  covered  immediately.  On  the  adjoining  plat  the  inoculating 
soil  was  sown  and  left  exposed  to  the  sun  for  an  hour.  Only  where 
the  seed  and  soil  were  immediately  covered  was  the  growth  of  vetch 
satisfactory. 

The  quantity  of  soil  necessary  for  inoculating  depends  on  its  char- 
acter and  the  previous  growth  of  vetch  on  the  land.  Sandy  soil 
does  not  seem  to  be  as  good  as  loam  or  clay  for  inoculating  purposes. 
Soil  containing  a  good  supply  of  organic  matter  is  best,  as  it  usually 
contains  the  most  bacteria.  No  soil  should  be  used  unless  the  growth 
of  vetch  on  it  has  been  luxuriant.  Two  hundred  pounds  of  the  proper 
kind  of  soil  may  be  sufficient  for  1  acre,  although  the  chances  of 
success  are  better  with  larger  quantities.  If  the  soil  is  convenient, 
1  ton  per  acre  should  be  used. 

Basic  slag  can  be  mixed  with  inoculated  soil  and  sown  with  vetch 
seed  and  oats  with  good  results,  using  either  a  guano  distributor  or  a 
combination  wheat  and  fertilizer  drill.  In  order  to  facilitate  han- 
dling the  soil  in  this  way  it  should  be  run  through  a  sieve.  A  com- 
mon sand  screen  can  be  used  for  this  purpose.  Acid  phosphate 
kills  bacteria  when  they  come  in  contact  with  it,  and  when  used  it 
should  be  applied  several  days  before  or  the  spring  before  the 
inoculation  is  attempted,  either  with  soil  or  artificial  culture.  Where 
vetch  is  planted  for  the  first  time,  basic  slag  has  given  better  results 
than  acid  phosphate  with  both  kinds  of  inoculation.  At  Pelzer, 
S.  C,  vetch  planted  on  fertile  clay  soil  had  better  inoculation  and 
made  a  heavier  growth  with  basic  slag  than  with  acid  phosphate. 

An  application  of  lime  assists  in  securing  inoculation  on  acid  soils, 
although  on  most  soils  of  the  South  Atlantic  States,  even  though 
lime  is  beneficial,  vetch  succeeds  well  without  liming.  Barnyard 
manure  aids  in  making  the  inoculation  more  complete,  but  is  not  a 
substitute  for  inoculation.  However,  manure  made  from  vetch  hay 
may  contain  sufficient  bacteria,  so  that  when  applied  to  the  land  no 
further  inoculation  is  necessary. 

Vetch  seed  carry  some  nodule-forming  bacteria  on  their  surface, 
and  some  growers  have  obtained  fair  success  in  inoculating  land  by 
sowing  2  quarts  of  vetch  seed  with  winter  oats  year  after  year  until 
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the  soil  becomes  inoculated.  Ordinarily,  this  is  not  a  good  method, 
as  it  takes  too  long  to  obtain  the  maximum  results.  A  good  plan 
for  any  one  just  beginning  vetch  growing  is  to  prepare  thoroughly 
half  an  acre  of  fertile  land,  use  plenty  of  barnyard  manure,  and  in- 
oculate the  soil.  Forty  pounds  of  hairy  vetch  seed  and  1  bushel  of 
oats  should  be  sown  to  the  acre.  This  should  make  a  good  stand  of 
vetch,  and  if  the  soil  for  inoculation  has  been  carefully  handled 
there  should  be  an  abundance  of  nodules  on  the  vetch  roots.  The  next 
year  soil  from  this  half  acre  can  be  used  for  inoculating  larger  fields 
and  the  farmer  can  extend  his  area  of  vetch  as  he  sees  fit.  If  the 
vetch  does  not  become  well  inoculated  the  first  year,  it  should  be 
planted  again  on  the  same  land  until  the  inoculation  is  complete. 

The  necessity  for  inoculation  can  not  be  too  strongly  emphasized ; 
more  failures  have  been  made  with  vetch  in  South  Carolina  from  lack 
of  inoculation  than  from  any  other  cause.  One  cooperator  reported 
on  this  point  as  follows :  "On  a  5-acre  plat  where  soil  was  used  from 
an  inoculated  field,  the  crop  was  a  decided  success.  On  a  7-acre  field 
where  no  inoculation  was  used,  the  crop  was  a  complete  failure," 
After  a  field  has  once  grown  vetch  successfully,  however,  it  will  re- 
quire no  more  inoculation,  unless  it  is  not  reseeded  in  vetch  for 
several  years. 

PRODTTCTIOir  OP  VETCH  HAT. 

Vetch  is  used  for  hay  more  than  for  any  other  purpose.  At 
Augusta,  Ga.,  where  hay  made  from  vetch  and  oats  is  well  known,  it 
sells  on  a  par  with  cowpea  hay.  Liverymen  buy  it  extensively,  and 
it  is  shipped  in  considerable  quantities  to  the  sawmills  and  lumber 
camps  of  Florida.  From  1  to  3  tons  to  the  acre  are  common  yields, 
which,  at  prices  varying  from  $15  to  $20  a  ton,  make  it  a  profitable 
crop.  Vetch  makes  the  best  hay  if  cut  when  the  first  pods  appear 
or  before  the  stems  and  lower  leaves  are  damaged.  If  cut  later,  the 
yield  will  be  greater  but  the  quality  will  not  be  so  good. 

Narrow-leaved  and  common  vetch  are  easily  cut  with  a  mower,  but 
some  difficulty  may  be  experienced  in  cutting  hairy  vetch.  This  can 
be  partly  overcome  by  having  a  man  follow  the  mower  with  a  fork  to 
keep  the  vetch  from  clogging  on  the  cutter  bar  or  by  throwing  the 
swath  out  of  the  way  as  soon  as  it  is  cut. 

The  problem  of  curing  and  handling  vetch  hay  is  much  the  same 
as  with  cowpeas.  In  favorable  weather  vetch  may  be  cured  in  the 
swath  and  windrow,  but  ordinarily  it  should  be  raked  and  shocked 
when  partly  cured.  After  the  hay  is  raked  into  windrows,  it  may  be 
bunched  with  an  ordinary  dump  rake  or  sweep  rake,  thereby  decreas- 
ing the  labor  in  shocking.  Shocks  should  be  tall  and  narrow  to  pre- 
vent heating  in  the  middle.  They  are  sometimes  built  on  racks  that 
keep  the  inside  hollow  and  allow  the  hay  to  cure  more  rapidly. 

529 


Digitized  by 


Google 


14  VETCH  GROWING  IN  THE  SOUTH  ATLANTIC  STATES, 

MIXTUBES  70B  HAY. 

For  maximum  yield  and  ease  in  handling  the  hay  some  other  crop 
.should  be  planted  with  vetch.  Oats,  rye,  wheat,  or  barley  may  be 
used  for  this  purpose.  As  a  small-grain  crop  makes  the  best  hay 
when  cut  in  the  dough  stage,  the  variety  of  grain  planted  should  be 
governed  to  a  certain  extent  by  the  time  it  is  desired  to  cut  the  vetch. 
Burt  oats  will  be  found  satisfactory  for  early  harvesting,  and  the 
Appier  variety  is  suitable  for  later  cuttings.  When  planted  for 
pasture,  vetch  does  well  with  any  small  grain.  When  planted  for 
hay,  hairy  vetch  especially  needs  a  grain  crop  to  hold  it  off  the 
ground,  as  it  then  makes  a  bd^ter  yield.  On  suitable  lands,  from  2  to 
4  quarts  of  crimson  clover  seed  to  the  acre  may  be  planted  with 
vetch  and  the  native  grasses,  such  as  Johnson  grass  and  Bermuda 
grass,  for  hay  or  pasture. 

PRODTTCTIOir  OP  VETCH  SllAGE. 

Vetch  makes  good  silage  and  is  ready  at  a  time  of  year  when  the 
com  silage  is  likely  to  be  exhausted.  Hay  and  silage  making  may 
be  worked  together.  When  the  weather  is  favorable,  the  vetch  may 
be  cured  for  hay,  and  in  rainy  weather  it  mAy  be  cut  for  silage,  so 
that  but  little  time  need  be  lost  in  harvesting.  A  large  dairy  farm 
near  Columbia,  S.  C,  uses  vetch  in  this  way,  feeding  the  silage  to 
dairy  cattle  with  good  results. 

PALATABIIITY  OP  VETCH  POBAGE. 

Reports  from  farmers  differ  as  to  the  palatability  of  vetch.  Some 
say  that  stock  will  not  eat  it,  others  report  that  they  gradually  become 
accustomed  to  it,  and  still  others  that  all  kinds  of  animals  eat  it 
readily.  A  number  of  farmers  use  it  extensively  for  swine  pasturage. 
The  green  forage  of  the  native  vetch  and  of  common  vetch  is  more 
readily  eaten  than  that  of  hairy  vetch,  but  when  cut  for  hay  there 
is  no  apparent  difference.  It  is  the  common  opinion  among  farmers 
that  vetch  hay  ranks  higher  in  palatability  as  compared  with  other 
crop  than  does  the  green  forage.  No  difficulty  seems  to  be  experi- 
enced in  getting  young  stock  to  eat  vetch. 

PRODTTCTIOir  OP  VETCH  SEED. 

The  source  of  seed  has  an  important  bearing  on  vetch  growing  in 
the  South  Atlantic  States.  The  seed  of  "  native  "  or  narrow-leaved 
vetch  can  rarely  be  purchased  in  the  market.  Since  the  pods  burst 
open  when  ripe,  it  is  almost  impossible  to  gather  any  quantity  of  the 
seed.    Where  oats  are  sown  on  land  on  which  narrow-leaved  vetch  is 
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growing,  the  oats  and  vetch  may  be  cut  together,  and  by  binding  into 
bundles  the  vetch  seed  is  saved  though  the  pods  burst  open.  When 
thrashed,  the  oats  and  vetch  will  be  mixed  together.  When  narrow- 
leaved  vetch  is  mixed  with  Johnson  and  Bermuda  grasses  some  seed 
can  be  saved  by  placing  a  blanket  under  the  baler  when  the  hay  is 
baled.  Anyone  desiring  to  grow  narrow-leaved  vetch,  however,  must 
depend  mainly  on  its  reseeding  itself.  This  it  does  very  well  on 
meadows  and  in  pastures  where  it  is  not  grazed  too  clo^e,  as  con- 
siderable seed  becomes  shattered  by  the  time  the  native  grasses  are 
ready  to  cut  for  hay. 

Thus  far,  practically  the  entire  supply  of  seed  of  the  common  and 
hairy  vetch  has  been  obtained  from  European  markets.  Seed  of  com- 
mon vetch  may  be  purchased  from  growers  in  Oregon,  but  the  west- 
em  demand  and  high  transcontinental  freight  rates  make  Oregon  seed 
more  expensive  than  that  from  France,  Germany,  and  England. 
Hairy  vetch  seed  is  mostly  imported  from  Eussia  and  Germany,  as 
there  is  no  adequate  supply  in  this  country. 

Vetch  growers  should  consider  the  production  of  their  own  seed. 
No  attempt  has  yet  been  made  in  the  South  Atlantic  States  to  harvest 
common  vetch  for  seed.  It  can  be  cut  with  a  binder  and  thrashed 
with  an  ordinary  thrasher  like  wheat  and  oats.  In  Oregon,  fair 
yields  are  from  10  to  20  bushels  per  acre,  ordinarily  worth  from  $1.50 
to  $2.25  per  bushel.    Comnion  vetch  does  not  reseed  itself  well. 

Hairy  vetch  can  be  made  to  reseed  itself  by  cutting  early,  before 
the  leaves  and  stems  near  the  ground  begin  to  die.  It  will  then  con- 
tinue to  grow  and  set  sufficient  seed  to  reseed  the  land  by  June  10. 
Or,  if  cut  late,  after  the  lower  pods  have  matured,  enough  seed  will 
shatter  out  in  handling  to  reseed  the  land.  In  either  of  these  cases 
the  land  should  not  be  plowed  too  deep  for  the  summer  crops  which 
follow,  nor  should  these  crops  be  cultivated  too  late,  as  the  seed  may 
be  buried  too  deep  to  come  up  or  too  many  plants  be  killed  to  leave  a 
stand.  If  the  land  is  not  plowed  at  all  or  no  summer  crop  is  planted; 
the  seed  will  germinate  and  come  up  in  the  fall,  unless  the  grasses 
are  too  thick.  When  left  to  reseed  itself  on  Bermuda  or  Johnson 
grass  sod,  hairy  vetch  will  gradually  disappear  in  the  course  of  three 
or  four  years. 

Hairy  vetch  can  be  thrashed  for  seed  with  the  ordinary  grain 
thrasher.  For  producing  seed,  vetch  should  be  sown  by  itself,  or 
with  only  a  small  quantity  of  oats  or  wheat,  so  as  to  make  the  per- 
centage of  vetch  seed  in  the  mixture  as  high  as  pocsible  when  thrashed. 
If  there  is  too  large  a  proportion  of  oats  for  a  proper  mixture,  the 
oats  can  be  removed  by  running  through  a  fanning  mill.  Special 
machines  to  separate  the  grain  from  the  seed  are  on  the  market. 
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Hairy  vetch  ripens  its  seed  unevenly,  so  that  the  time  of  gathering 
should  be  whenever  there  is  a  good  crop  of  seed  ready  to  harvest. 
This  is  usually  after  the  bottom  pods  have  become  dry  and  burst 
open.  If  hairy  vetch  is  well  matured,  it  can  be  harvested  without 
cutting  by  raking  it  up  into  windrows  with  an  ordinary  hayrake. 
If  the  rake  does  not  get  it  all  the  first  time,  the  field  should  be  gone 
over  again  in  the  opposite  direction.  This  should  be  done  when  the 
vines  are  damp,  to  prevent  the  seed  from  shattering.  If  this  method 
is  not  satisfactory,  as  is  sometimes  true  on  stiff  land  where  the  roots 
are  held  firmly  in  the  ground  or  where  some  other  crop  is  planted 
with  the  vetch,  it  will  be  necessary  to  use  a  mower.  After  the  vetdi 
is  raked  or  cut  it  can  be  piled  and  left  until  hauled  to  the  thrasher. 

Hairy  vetch  usually  yields  about  half  as  much  seed  per  acre  as  com- 
mon vetch  when  planted  in  the  same  region.  On  a  farm  near  New- 
berry, S.  C,  a  field  of  hairy  vetch,  estimated  to  make  l^  tons  of  hay 
per  acre,  yielded  3f  bushels  of  seed  to  the  acre.  Hairy  vetch  seed 
varies  in  price  from  $4  to  $9  per  bu^el  of  60  pounds,  so  that  under 
ordinary  conditions  seed  production  should  be  a  profitable  operation. 
This  is  especially  apparent  when  it  is  noted  that  the  thrashed  straw 
makes  a  fair  quality  of  hay,  that  enough  seed  has  shattered  out  to  re- 
seed  the  field,  and  that  nitrogen  and  humus  have  been  added  to  the 
soil.  • 

VETCH  HONEY. 

Vetch  growers  report  that  while  the  vetch  is  in  bloom  bees  make 
two  or  three  times  as  much  honey  as  at  any  other  time  in  the  year. 
From  25  to  50  pounds  of  vetch  honey  per  stand  of  bees  is  obtained 
during  the  season.  Vetch  honey  is  white  and  clear  and  of  excellent 
quality. 

EOTATIOirS  WITH  VETCH. 

Vetch,  being  a  winter  crop  in  the  Southern  States,  is  well  adapted 
to  use  in  rotations  with  ordinary  crops,  as  it  can  be  grown  without 
seriously  interfering  with  some  of  the  summer  crops.  The  following 
rotations  are  suggested  for  the  various  conditions. 

BOTATIONS  FOB  BOTTOM  LANDS. 

Low  lands  subject  to  overflow  should  be  devoted  to  pasture  or  hay 
growing.  Cultivated  crops,  such  as  corn  and  cotton,  are  more  easily 
damaged  by  high  water  in  case  of  an  overflow,  and  the  loss  is  greater 
than  with  hay  or  pasture.  Vetch  can  be  used  on  such  lands  with  the 
native  grasses,  oats,  cowpeas,  and  Johnson  grass  in  various  rotations, 
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three  of  which  now  practiced  in  the  South  Atlantic  States  are  shown 
in  Table  I. 

Table  I. — Three  rotations  showing  how  vetch  is  used  tdth  native  grasses,  oats, 
and  Johnson  grass  for  hay  or  pasture  on  overflow  bottom  lands. 


Rotation. 

Winter. 

Summer. 

First 

Vetch  and  native  grasses 

Johnson  grass. 
Do. 

Second 

Oats  and  vetch 

Third: 

First  year 

.  ...do  ....' 

Do. 

Second  year 

.  .> .  .do 

Cowpeas. 

In  the  first  rotation  narrow-leaved  vetch  should  be  used,  as  it  is 
the  only  vetch  that  will  reseed  itself  and  hold  its  own  with  Johnson 
grass  year  after  year.  A  large  part  of  the  seed  is  ripe  and  scattered 
by  the  tinie  the  first  cutting  is  made  and  being  hardy  it  gains  a  foot- 
hold and  makes  a  stand  the  following  year.  A  farmer  near  Chester, 
S.  C,  reports  as  follows:  ''  In  a  creek  bottom  where  three  years  ago 
there  was  little  or  no  vetch  in  a  native  grass  meadow  the  narrow- 
leaved  vetch  is  gradually  spreading  over  the  field."  This  rotation 
is  common  in  the  Savannah  and  Congaree  river  bottoms.  Vetch  has 
a  twofold  purpose  in  this  rotation:  (1)  Johnson  grass  is  not  ready 
to  cut  until  late  in  the  spring,  so  that,  if  vetch  is  not  grown,  weeds 
will  grow  on  the  land  and  one  cutting  of  hay  is  lost;  and  (2)  the 
vetch  adds  nitrogen  to  the  soil,  which  causes  a  heavier  growth  of 
the  Johnson  grass. 

In  the  second  and  third  rotations  it  is  necessary  to  plow  the  land 
in  order  to  sow  the  oats  and  vetch.  Either  common  or  hairy  vetch 
may  be  used,  depending  on  the  character  of  the  soil.  On  loamy, 
moist  soils  some  vetch  growers  plant  three- fourths  common  and  one- 
fourth  hairy  vetch,  thereby  extending  the  haying  period.  Any  of 
these  rotations  are  also  suitable  for  uplands. 

The  western  com  rootworm  appears  to  be  gradually  working  its 
way  southward  where  corn  is  grown  continuously  on  bottom  lands. 
A  rotation  of  crops  is  an  effectual  preventive  and  it  would  seem  that 
vetch  might  be  here  profitably  employed  as  an  alternating  crop. 

BOTATIONS  FOB  MIXED  FABMING   ON  TTFLANDS. 

Where  it  is  desirable  to  make  a  specialty  of  hay  on  a  mixed  farm 
on  uplands,  the  following  rotation,  shown  in  Table  II,  of  vetch  with 
corn,  cotton,  oats,  and  cowpeas  may  be  used. 
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Table  II. — Rotations  of  vetch  with  com^  cotton,  oats,  and  cowpeas  for  mixed 

fanning  on  uplands. 


Year. 


First  field. 


Second  field. 


Third  field. 


First.. 
Second 
Third- 


Cotton;    vetch    for   winter 

cover  crop. 
C!om  with  oowpeas  between 

rows. 
Oats  and  vetch  (winter); 

cowpeas  (summer). 


Com  with  oowpeas  between 

rows. 
Oats  and-  vetch;  <x>wpeas 

Cotton;    vetch    for   winter 
cover  crop. 


Oats  and  vetch;  oowpeas. 

Cotton;    vetch    for    winter 

cover  crop. 
Com  with  cowpeas  bettreen 

rows. 


This  rotation  is  especially  recommended  for  the  Piedmont  section 
where  the  land  is  likely  to  wash  and  cultivation  is  difficult.  On  clay 
lands  that  become  hard  in  dry  weather  or  can  not  be  plowed  after  a 
rain,  oats  and  vetch  handled  carefully  do  well.  Hairy  vetch  properly 
inoculated  and  planted  has  made  good  growths  even  on  bald  clay 
spots.  Sorghum  is  frequently  used  in  place  of  the  cowpeas  in  this 
rotation. 

BOTATIONS  FOB  DAIBY  EABJIS. 

In  dairy  farming,  where  plenty  of  forage  is  needed,  vetch  can  be 
used  for  silage,  hay,  or  pasture  in  a  3-year  rotation  with  oats,  com, 
and  cowpeas,  as  shown  in  Table  III. 

Table   III. — Vetch   in   S-year  rotations   with   oats,   corn,   and   cotcpeas   on  a 

dairy  farm. 


Year. 


First  field. 


I 


Second  field. 


Third  field. 


First... 
Second. 


Third. 


Early  com  with  oowpeas 

between  rows. 
Oats  and  vetch   (winter); 

cowpeas  (summer). 
Oats  and   vetch   (winter); 

silage  com  (summer). 


Oats  and  vetch;  oovrpeas. . . 

Oats  and  vetch;  sflagecora. 

Early  com  with  cowpeas 
between  rows. 


Oats  and  vetch;  silage  com. 

Early  com  with  cowpeas  be- . 

tweenrows. 
Oats  and  vetch;  cowpeas. 


In  this  rotation,  the  oats  and  vetch  may  be  used  for  making 
silage  or  pasture.  With  the  barnyard  manure  returned  to  the  .soil 
there  will  ultimately  be  an  excess  of  nitrogen.  This  can  be  reduced 
by  planting  silage  corn  or  sorghum  instead  of  cowpeas  after  the  oats 
and  vetch. 

BOTATIONS    FOB    COTTON    EABMS. 

Table  IV  shows  how  vetch  can  be  used  in  a  system  of  cotton  farm- 
ing with  cotton,  corn,  oats,  and  cowpeas. 
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Table  IV. — Vetch  in  rotations  with  cotton^  conii  oat8t  and  coicpeas  on  a 

cotton  farm. 


Tmt. 

Pint  field. 

Second  field. 

Third  field. 

Foortb  field. 

Ffcst 

Cotton 

Oats  and  vetch;  cow- 
peas. 

Cotton;  vetch  for  win- 
ter cover  crop. 

Com,  with  oowiMas 
between  rows. 

Cotton 

Cotton;  vetch  for  win- 
ter cover  crop. 

Com,  with  cowpeas 
between  rows. 

Cotton 

Com,  with  cowpeas 

between  rows. 
Cotton. 

Oats  and  vetch;  cow- 

Second... 
Third.... 

Oats  and  v«toh;  cow- 
peas. 

Cotton;  vetch  for  win- 
ter cover  crop. 

Com,  with  cowpeas 
between  rows. 

Fourth... 

Oats  and  vetch;  cow- 
peas. 

peas. 
Cotton;     vetch     for 

winter  cover  crop. 

The  vetch  preceding  the  cowpeas  in  this  rotation  should  be  handled 
HO  that  it  may  reseed  itself  for  a  winter  cover  crop.  The  land  should 
be  plowed  shallow  or  disked  for  cowpeas  to  avoid  covering  the  vetch 
seed  too  deep.  It  will  be  necessary  to  go  over  heavy  growths  of 
vetch  with  a  disk  harrow  or  stalk  cutter  before  they  can  be  turned 
under. 

EXPEBIEKCES  OF  FASMEBS  WITH  VETCH. 

South  Carolina  is  growing  more  vetch  than  any  other  of  the 
Southern  States.  The  experiences  of  some  of  these  farmers  are 
shown  in  the  following  characteristic  reports,  some  of  which  were 
secured  through  the  cooperation  of  the  Farmers'  Cooperative  Demon- 
stration Work: 

E.  A.  Brown,  Kershaw  County. — Planted  hairy  vetch  on  sandy  loam  soil  with- 
out Inoculation.  The  vetch  was  a  failure.  Inoculated  the 'second  year  and 
made  a  success. 

M.  W.  Doty,  Fairfield  County, — Planted  hairy  vetch  on  light,  sandy  land  and 
inoculated  the  seed  with  vetch  culture  from  the  United  States  Department  of 
Agriculture.  A  good  stand  was  secured,  but  only  a  few  spots  became  inocu- 
lated; the  remainder  died.  The  vetch  was  plowed  under,  barnyard  manure  was 
applied,  and  the  land  sowed  in  cowpeas.  Vetch  was  planted  again  the  next 
fall  and  a  hejivy  growth  was  made.  Cotton  following  the  vetch  made  a  heavier 
yield  than  where  no  vetch  was  planted. 

-4.  D.  Hudson,"  Neicherry  County. — Planted  hairy  vetch  on  poor  clay  land  in 
September.  The  first  year  no  inoculation  was  used,  and  vetch  was  practically 
a  failure.  Inoculated  soil  the  next  year,  sowed  in  September,  and  obtained  li 
tons  of  hay  per  acre.  Hairy  vetch  planted  in  cotton  where  soil  was  inoculated 
did  well.  Common  vetch  did  not  yield  as  well  as  hairy  vetch.  Now  plant 
Learly  one-third  of  the  farm  In  vetch  every  year.- 

R.  A.  Hudson,  Fairfield  County. — Planted  hairy  vetch  on  a  clay  soU ;  used  no 
fertUlzer  and  Inoculated  with  soil ;  made  2,400  pounds  of  hay  per  acre. 

R.  O,  Janson,  Horry  County. — Planted  hairy  vetch  on  sandy  land  with  clay 
subsoil.  Some  barnyard  manure  and  fertilizers  were  applied  and  a  fair  stand 
was  secured.    No  Inoculation  was  used,  and  the  vetch  was  a  complete  failure. 

T.  C.  Johnson,  Florence  County. — Planted  hairy  vetch  on  sandy  loam  soil  after 
inoculating  with  soil  from  an  old  field.  The  inoculation  the  first  year  was  not 
complete  and  only  a  partial  success  was  made.  The  vetch  was  left  to  reseed 
itself,  and  a  good  stand,  perfectly  inoculated,  came  up  in  the  fall.  This  made  a 
heavy  growth  and  was  pastured  with  calves  and  colts  with  good  results. 
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C.  W,  Josey,  Lee  County. — Planted  hairy  vetch  on  sandy  loam  soil  following 
corn  and  peas;  used  soil  for  Inoculation;  made  2  tons  of  hay  per  acre. 

George  E,  Showman,  Orangeburg  County. — Planted  hairy  vetch  on  light,  sandy 
soil.  Inoculated  with  soil.  The  vetch  yielded  2,500  pounds  of  hay  per  acre. 
Some  common  vetch  sowed  in  comparison  with  the  hairy  vetch  made  a  complete 
failure. 

Milton  L.  Sifly,  Orangeburg  County. — Secured  inoculation  by  planting  vetch 
year  after  year.  Hairy  vetch,  oats,  rye,  and  barley  were  sown  in  early  Sep- 
tember.    It  was  grazed  by  cows  and  hogs  in  the  spring  and  considered  a  success. 

E.  V.  Turner,  Fairfield  County. — Planted  hairy  vetch  on  clay  land  in  cotton 
after  the  second  picking.  Inoculation  was  obtained  from  wild  vetch  growing  in 
the  neighborhood.  The  fall  was  very  dry,  but  a  good  stand  was  secured  and 
a  yield  of  from  1  to  li  tons  of  hay  per  acre  was  made. 

Jacob  8.  Wheeler,  Newberry  County. — Planted  hairy  vetch  on  sandy  land  that 
had  become  inoculated  by  a  previous  crop.  The  yield  was  2i  tons  i)er  acre. 
The  vetch  was  fed  to  milch  cows  with  good  results. 

Welch  Wilbur,  Newberry  County. — Inoculated  land  and  planted  100  acres  of 
vetch  in  cotton  In  September.  Hairy  vetch  did  better  than  common  vetch. 
Hairy  vetch  yielded  from  1  to  2  tons  per  acre.  Some  stands  of  bee^  gathered 
an  average  of  50  pounds  of  honey  per  stand  from  vetch. 

U.  Alvin  Vincent,  Florence  County. — Planted  hairy  vetch  on  sandy  land  so 
poor  that  it  could  hardly  grow  cowpeas.  The  soil  was  inoculated  with  soil  from 
another  field.    One  ton  of  hay  per  acre  was  obtained  and  fed  to  horses. 

SUMHAKY. 

Vetch  is  grown  on  practically  all  types  of  soil  in  the  South  Atlantic 
States. 

Vetch  can  be  used  for  hay,  pasture,  soiling,  silage,  honey  produc- 
tion, and  soil  improvement. 

Three  varieties  of  vetch  are  now  grown  in  these  States,  viz,  "  na- 
tive "  or  narrow-leaved  vetch ;  common,  Oregon,  or  English  vetch ; 
and  hairy  or  sand  vetch. 

In  the  latitude  of  South  Carolina  "  native "  or  narrow-leaved 
vetch  usually  matures  from  April  15  to  May  15,  common  vetch  from 
May  10  to  May  25,  and  hairy  vetch  from  May  20  to  June  10. 

The  narrow-leaved  vetch  grows  wild,  is  hardy,  will  reseed  itself, 
and  will  hold  its  own  against  native  grasses.  The  common  vetch  is 
more  easily  handled  and  the  seed  is  cheaper  than  that  of  other  varie- 
ties, but  it  is  not  so  hardy.  Hairy  vetch  is  hardy  and  for  all  condi- 
tions is  the  best  variety  for  these  States. 

Vetch  adds  nitrogen  and  organic  matter  to  the  soil  and  i?  superior 
to  cowpeas  for  increasing  the  productivity  of  land.  It  does  for  the 
soil  in  the  winter  what  the  cowpea  does  for  it  in  the  summer. 

Vetch  has  a  long  planting  period,  but  best  results  are  obtained  by 
planting  from  August  15  to  October  15. 

Vetch  can  be  planted  in  cotton  at  the  last  working,  or  after  the 
first  or  second  picking.    It  can  be  planted  after  corn  or  cowpeas. 
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Forty-five  pounds  of  common  vetch  or  thirty  pounds  of  hairy  vetch 
seed  per  acre  are  sufficient  for  ordinary  purposes. 

The  necessity  for  inoculation  can  not  be  too  strongly  emphasized ; 
more  failures  have  been  made  with  vetch  from  lack  of  inoculation 
than  from  any  other  cause.  The  seed  should  be  inoculated  with  arti- 
ficial vetch  cultures  or  the  land  should  be  treated  by  transferring 
soil  from  an  old  field  to  the  new  one.  Other  methods  sometimes  em- 
ployed are  to  plant  a  small  amount  of  seed  on  the  land  until  inocu- 
lation is  secured  or  to  apply  barnyard  manure  made  from  vetch.  A 
field  that  has  once  grown  vetch  successfully  will  not  require  inocula- 
tion again  unless  it  is  not  planted  in  vetch  for  several  years. 

Small  grains  should  be  sown  with  vetch  to  hold  it  up  and  to  allow 
the  hay  to  be  more  easily  cured.  This  is  more  necessary  with  the 
hairy  vetch  than  with  the  other  varieties. 

Most  of  the  hairy  vetch  seed  now  used  is  imported  from  Europe, 
but  it  can  be  and  should  be  produced  in  the  South  Atlantic  States. 

Vetch  hay  is  cured  similarly  to  cowpea  hay. 

Vetch  can  be  used  in  rotations  for  hay,  dairy,  cotton,  and  general 
farming. 

The  experiences  of  farmers  show  that  all  kinds  of  stock  will  eat 
vetch  and  that  by  proper  inoculation  and  seeding  it  can  be  grown 
successfully  on  all  ordinary  soils  in  the  South  Atlantic  States. 
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INTEODUCTIOir. 

Fowls  are  liable  to  be  affected  by  a  considerable  number  of  dis- 
eases, some  of  which  spread  rapidly  through  the  flock  and  kill  a  large 
part  of  the  birds.  They  may  also  be  infested  by  various  kinds  of 
parasites,  some  of  which  live  on  the  surface  of  the  body  and  others 
in  the  crop,  stomach,  or  intestines.  These  parasites  are  injurious 
because  they  take  a  part  of  the  nourishment  which  should  be  used 
by  the  bird  to  put  on  flesh  or  to  produce  eggs,  and  also  because  by 
their  movements  and  their  biting  they  cause  irritation  and  inflam- 
mation of  the  parts  which  they  attack. 

The  contagious  diseases,  which  are  caused  by  animal  and  vegetable 
germs,  and  the  weakness  and  loss  of  flesh  caused  by  the  larger  para- 
sites to  which  reference  has  just  been  made,  are  the  most  important 
conditions  which  the  poultryman  has  to  consider  in  the  endeavor  to 
keep  his  birds  in  a  healthy  condition.  These  germs  and  parasites 
should  be  kept  out  of  the  flock  by  suitable  preventive  measures, 
because  disease  may  be  avoided  in  this  way  much  more  easily  and 
cheaply  than  it  can  be  cured.  The  aim  in  studying  the  diseases  of 
birds  is,  therefore,  to  learn  how  to  prevent  such  diseases  rather  than 
how  to  cure  them. 

There  are  some  cases  in  which  medicines  may  be  advantageously 
given  or  applied  to  fowls,  but  as  a  rule  when  a  bird  becomes  sick  it 
is  better  to  kill  it,  because  the  cost  of  the  medicine  and  the  value  of 
the  time  required  to  carry  out  the  treatment  are  greater  than  the 
value  of  the  birds  which  are  cured.  Another  reason  for  killing  sick 
birds  is  that  they  may  be  affected  by  a  contagious  disease  which 
before  it  is  recognized  may  spread  to  many  other  birds  in  the  flock. 
A  third  reason  for  killing  is  the  fact  that  a  bird  being  sick  indicates 
that  it  is  more  susceptible  to  disease  than  the  other  birds  of  the  flock, 
and  in  order  to  establish  a  flock  which  is  able  to  resist  disease  such 
susceptible  birds  must  be  weeded  out. 

The  greater  the  number  of  birds  which  are  kept  upon  any  farm 
or  plot  of  ground,  and  the  more  they  are  crowded  together,  the 
greater  is  the  danger  from  contagion  and  parasites,  and  the  more 
important  are  the  measures  for  excluding,  eradicating,  and  prevent- 
ing the  development  of  these  '•auses  of  disease. 
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HOW  TO  PREVENT  DISEASE. 

It  is  very  important  to  start  right  and  begin  the  flock  with  birds 
which  are  free  from  contagion  and  parasites,  and  to  put  such  birds 
upon  ground  which  is  likewise  free  from  these  causes  of  disease. 

The  best  way  to  accomplish  this  is  to  get  eggs  from  a  flock  which 
has  shown  no  indications  of  contagious  disease  for  at  least  a  year ; 
avoid  putting  these  eggs  in  any  packing  such  as  chaff,  oats,  or  cut 
straw  which  may  be  musty  or  moldy;  wipe  the  eggs  with  a  cloth  wet 
in  70  to  80  per  cent  alcohol,  and  hatch  them  in  a  new  or  thoroughly 
cleaned  incubator.  The  young  chicks  should  be  free  from  parasites 
and  injurious  germs  of  all  kinds,  and,  to  keep  them  in  this  condition, 
they  should  be  put  in  new  or  clean  brooders  and  permitted  to  run 
only  upon  ground  where  poultry  has  not  previously  been  kept  or 
which  has  not  been  used  for  poultry  for  several  years. 

Sometimes  these  directions  can  not  be  followed  in  all  respects.  If 
all  the  available  ground  has  been  recently  used  for  poultry,  the  fowls 
should  be  removed  from  that  part  which  is  to  be  used  for  the  new 
flock,  a  good  coating  of  frcvshly  slaked  lime  should  be  applied  to  the 
entire  surface  of  the  ground,  and  a  few  days  later  it  should  be  plowed. 
It  may  now  be  cultivated  three  or  four  times  with  intervals  of  a  week 
and  finally  sowed  with  oats,  rye,  or  other  grain.  In  a  few  months 
the  greater  part  of  the  germs  will  be  destroyed,  but  it  is  best  to  leave 
the  ground  unoccupied  by  fowls  until  a  winter  has  passed,  as  the 
freezing  and  thawing  of  fall  and  spring  is  more  effective  than  either 
continued  cold  or  warm  weather. 

If  the  eggs  must  be  hatched  under  hens  instead  of  in  the  incubator, 
the  problem  of  starting  a  clean  flock  is  much  more  difficult.  Hens 
are  liable  to  harbor  parasitic  worms  in  their  intestines  and  to  scatter 
the  eggs  of  these  worms  with  their  manure  wherever  they  go.  They 
generally  have  lice  and  mites  hidden  in  their  feathers,  which  pass  to 
the  young  chicks  immediately  after  the  latter  are  hatched;  and  they 
may  be  the  carriers  of  disease  germs  even  when  they  appear  perfectly 
healthy.  For  these  reasons  the  hens  which  are  used  for  hatching 
should  be  selected  from  a  flock  that  is  known  to  have  been  free  from 
other  diseases  than  those  caused  by  accidents  for  at  least  a  year,  and 
the  individual  birds  of  which  are  lively,  vigorous,  fi*ee  from  lice  and 
mites,  and  producing  a  large  number  of  eggs. 

The  hens  selected  for  hatching  should  be  well  dusted  with  a  good 
lice  powder  before  they  are  given  a  setting  of  eggs ;  their  nests  should 
be  perfectly  clean  and  should  be  made  with  fresh,  soft  hay  or  straw; 
and  there  should  be  a  box  of  road  dust,  or  sifted  hard-coal  ashes  or 
similar  substance,  under  cover,  where  they  can  dust  themselves  when- 
ever they  come  from  the  nest.  When  the  young  chicks  are  taken  from 
the  nest  they  should  be  carefully  examined  for  lice.    These  parasites 
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usually  accumulate  under  4:he  throat  and  upon  the  top  and  back  of  the 
head.  If  any  are  found,  rub  a  little  sweet  oil,  pure  lard,  or  vaseline 
with  the  finger  over  the  parts  where  the  lice  are.  This  kills  the  lice 
by  obstructing  their  breathing  pores  and  does  not  harm  the  chicks. 

By  beginning  in  this  manner,  a  flock  may  be  obtained  which  is 
practically  free  from  disease  germs  and  parasites,  but  in  order  to 
keep  it  in  this  condition  the  premises  must  be  frequently  cleaned  and 
occasionally  disinfected.  There  are  a  number  of  reasons  for  this. 
First,  there  are  certain  germs  generally  present  in  the  intestines  of 
healthy  fowls  and  that  are  scattered  with  the  manure,  which  when 
they  are  permitted  to  accumulate  and  become  very  numerous  may 
cause  outbreaks  of  disease;  seccmdly,  the  germs  of  contagious  dis- 
eases may  be  brought  to  the  poultry  yard  by  pigeons  or  other  birds 
which  fly  from  one  poulti-y  yard  to  another,  or  by  mice  or  rats;' 
thii-dly,  it  is  seldom  that  grounds  are  obtained  for  the  poultry  yard 
which  are  entirely  free  from  infection  with  the  eggs  of  parasitic 
worms  and  the  spores  of  disease-producing  microbes.  To  keep  these 
germs  and  parasites  from  developing  and  increasing  their  numbers  to 
a  dangerous  extent,  the  houses  should  be  kept  clean,  the  drinking 
fountains  and  feed  troughs  should  be  washed  every  day  or  two  with 
boiling  water  or  other  disinfectant,  and,  if  any  lice  or  mites  are  found 
on  the  birds  or  in  their  houses,  the  roosts  and  adjoining  parts  of  the 
walls  should  be  painted  with  a  mixture  of  kerosene,  1  quart,  and  crude 
carbolic  acid  or  crude  cresol,  1  teacupful  (1  gill).  Or  the  house  may 
be  whitewashed  with  freshly  slaked  lime  or  sprayed  with  kerosene 
emulsion.  The  fowls  should  be  dusted  every  three  or  four  days  with' 
lice  powder  until  these  parasites  entirely  disappear,  which  sliould 
be  within  two  weeks,  if  these  measures  are  properly  applied. 

LICE  POWDEBS  AND  THEIB  APPLICATION. 

Very  good  lice  powder  may  be  made  at  little  cost  by  mixing  fine 
road  dust,  2  quarts,  and  tobacco  dust,  1  pint.  In  place  of  road  dust, 
anthracite  coal  ashes  well  sifted  may  be  used,  and  Persian  insect 
powder  or  flowers  of  sulphur  may  be  substituted  for  the  tobacco 
dust.  The  important  point  is  that  all  the  ingredients  should  be  in  the 
form  of  a  very  fine  dust. 

A  powder  much  recommended  is  made  by  mixing  3  parts  gasoline 
and  1  part  crude  carbolic  acid  (90  to  95  per  cent  pure)  and  adding 
to  this  mixture  slowly,  while  stirring,  enough  plaster  of  paris  to 
take  up  all  the  moisture.  It  takes  about  4  quarts  of  plaster  of  paris 
to  1  quart  of  the  liquid.  When  enough  plaster  is  added  the  mixture 
should  form  a  dry,  brownish  powder.  Those  who  make  this  powder 
should  remember  that  gasoline  is  very  inflammable  and  may  cause  an 
explosion  if  there  is  any  fire  near;  also  that  crude  carbolic  acid  of 
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this  strength  may  burn  the  hands,  face,  or  eyes  if  it  comes  in  contact 
with  them. 

Lice  powders  are  best  applied  by  putting  them  into  a  tin  can  hav- 
ing a  perforated  top  like  a  pepper  box,  but  with  larger  holes.  A 
newspaper  is  spread  on  the  floor  to  catch  the  surplus  powder,  the 
fowl  is  held  by  the  legs,  head  downward,  so  that  the  feathers  will 
loosen  up  and  fall  away  from  the  body,  and  then  the  powder  is  dusted 
thoroughly  through  the  feathers,  especially  under  the  tail  and  wings 
and  about  the  neck  and  head.  By  rubbing  the  feathers  slightly  with 
the  hand  the  powder  will  penetrate  and  form  a  coating  over  the  skin, 
which  is  destructive  to  both  lice  and  mites. 

It  is  possible  and  practicable  to  keep  a  flock  of  poultry  absolutely 
free  from  lice  and  mites,  and  this  should  be  Uie  aim  of  everyone  who 
is  endeavoring  to  establish  a  successful  poultry  industry. 

SISINFECTAITTS  AKD  THEIB  APPLICATION. 

Good  disinfectants  destroy  the  germs  of  contagious  diseases,  the 
external  parasites  such  as  lice  and  mites,  and  the  embryos  of  the  in- 
testinal worms.  They  should  be  thoroughly  applied  to  the  interior  of 
the  houses,  worked  into  all  the  cracks  and  crevices,  spread  over  the 
ceiling  and  the  floor,  the  roosts,  dropping  boards,  and  nest  boxes. 
At  the  same  time,  the  feeding  and  drinking  troughs  should  be  dis- 
infected by  pouring  boiling  water  into  them  and  afterwards  drying 
them  in  the  sun.  The  disinfectants  are  most  easily  applied  to  the 
walls  and  ceilings  with  a  spray  pump  or  brush.  As  it  is  difficult  to 
keep  them  from  coming  into  contact  with  the  face  and  hands,  the 
more  harmless  of  these  mixtures  should  generally  be  used.  Ordi- 
narily limewash  made  from  freshly  slaked  lime  is  excellent  and  its 
properties  are  well  known  to  all.  In  the  case  of  an  actual  outbreak  of 
virulent  disease,  it  is  well  to  add  to  the  limewash  6  ounces  of  crude 
carbolic  acid  to  each  gallon,  to  increase  its  activity  as  a  disinfectant. 

The  kerosene  emulsion  which  is  frequently  used  to  destroy  lice  and 
mites  may  readily  be  converted  into  a  disinfectant.  To  make  the 
emulsion  shave  ^  pound  of  hard  laundry  soap  into  I  gallon  of  soft 
water  and  boil  the  mixture  until  all  of  the  soap  is  dissolved,  then 
remove  it  to  a  safe  distance  from  the  fire  and  stir  into  it,  at  once, 
while  still  hot,  2  gallons  of  kerosene  oil.  This  makes  a  thick, 
creamy  emulsion,  or  stock  mixture.  When  it  is  to  be  used  for  killing 
lice  in  the  houses  1  part  of  this  emulsion  is  mixed  with  10  parts  of 
water.  When  it  is  to  be  used  as  a  disinfectant  add  1  quart  of  emul- 
sion to  10  quarts  of  water  and  stir  well;  then  add  1  pint  crude  car- 
bolic acid  or  crude  cresol  and  again  stir  until  all  is  well  mixed. 

One  of  the  best  disinfectants  is  the  compound  solution  of  cresol, 
which  may  be  purchased  ready  for  use.  It  contains  50  per  cent  of 
cresol,  and  1  pint  of  it  added  to  10  quarts  of  water  makes  a  solution 
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of  the  proper  strength  to  apply  to  the  houses  or  to  spray  over  the 
ground.  A  5  per  cent  solution  of  carbolic  acid  (1  pint  carbolic  acid 
to  10  quarts  of  water)  is  about  equally  efficacious.  The  choice 
between  the  two  is  a  matter  of  convenience. 

CHOLERA  AND  CHOLESA-UEE  DISEASES. 

There  are  several  diseases  which  have  been  investigated  and  de- 
scribed as  different  because  the  bacteria  which  cause  them  differ  in 
some  of  their  characteristics.  The  symptoms  and  the  changes  which 
are  seen  after  death  are  so  nearly  identical  that  it  is  only  by  study- 
ing the  bacteria  that  any  one  of  these  diseases  can  be  distinguished 
from  the  others.  The  treatment  applicable  to  one  is  equally  applica- 
ble to  the  others.  For  the  practical  purpose  of  combating  them  in  the 
poultry  yard  we  may  therefore  group  these  diseases  together. 

Causation. — There  are  certain  germs  (bacteria)  which  are  nearly 
always  found  in  the  intestines  of  healthy  fowls  which  have  more  or 
less  power  to  produce  disease,  but  which  the  sound,  healthy  fowl  is 
able  to  resist  under  favorable  conditions.  If  these  germs  are  inocu- 
lated into  canary  birds,  they  produce  a  fatal  disease,  because  the 
canary  does  not  have  the  power  to  resist  them.  If  inoculated  from 
one  canary  to  another  three  or  four  times,  these  germs  have  their 
disease-producing  powers  so  increased  that  they  are  able  to  kill  adult 
fowls.  When  the  resisting  powers  of  fowls  are  diminished  by  expo- 
sure to  cold,  hunger,  thirst,  and  exhaustion,  as  occurs  during  long 
shipments  by  rail,  these  germs  may  also  cause  disease  in  the  fowls. 
In  some  countries  the  sickness  which  develops  irom  these  conditions 
is  called  "  the  transportation  disease." 

It  sometimes  happens  that  this  disease  develops  in  poultry  yards 
which  are  not  kept  clean,  possibly  because  of  the  large  numbers  of 
these  germs  which  are  taken  into  the  bodies  of  the  birds,  but  probably 
because  they  have  acquired  greater  disease-producing  powers  from 
growing  in  warm  manure.  Wlien  they  begin  growing  in  the  tissues 
of  fowls  they  soon  increase  their  virulence,  and  the  disease  which 
they  cause  may  rapidly  spread  from  fowl  to  fowl  until  the  greater 
part  of  the  birds  are  dead. 

The  typical  germ  of  fowl  cholera  has  adapted  itself  more  com- 
pletely than  have  these  common  germs  to  the  conditions  of  life  within 
the  fowl's  body,  so  that  it  is  strictly  parasitic,  and  is  only  obtained 
from  fowls  which  are  affected  or  have  been  affected  with  the  disease. 
That  is,  birds  only  contract  true  fowl  cholera  by  exposure  to  con- 
tagion that  originates  in  other  birds  that  have  or  have  had  the 
disease. 

The  cholera-like  diseases  may,  therefore,  either  develop  in  the 
poultry  yard  from  insanitary  conditions,  or  they  may  be  introduced 
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by  contagion  carried  by  new  birds  wliich  are  added  to  the  flock,  by 
birds  which  have  been  to  exhibitions,  by  wild  birds  which  fly  from 
one  poultry  yard  to  another,  or  by  various  animals,  such  as  dogs, 
cats,  rats,  etc.  Birds  which  recover  from  the  disease  may  sometimes 
carry  the  germs  and  disseminate  the  contagion  for  six  months  or  a 
year  after  they  are  apparently  well. 

Symptoms. — The  first  symptom  is  a  yellowish  coloration  of  that 
part  of  the  excrement  which  is  secreted  by  the  kidneys  and  which  in 
health  is  nearly  or  perfectly  white.  Soon  there  is  diarrhea,  the  drop- 
pings consisting  of  the  whitish  or  yellowish  secretions  of  the  kidneys 
mixed  with  considerable  thin  mucus  and  a  small  quantity  of  intesti- 
nal contents  which  may  have  a  yellowish,  brownish,  or  greenish  color. 
There  is  considerable  fever,  and  soon  after  the  bird  is  attacked  it 
loses  its  lively  appearance,  separates  itself  from  the  flock,  and  ap- 
pears dull,  dejected,  and  sleepy.  It  no  longer  searches  for  food,  but 
sits  with  the  head  drawn  down  to  the  body  or  turned  backward  and 
resting  in  the  feathers  about  the  wing.  The  plumage  soon  loses  its 
brilliance,  the  wings  droop,  the  appetite  is  diminished,  and  the  thirst 
increased ;  the  comb  and  wattles  may  be  a  dark  bluish  red  from  en- 
gorgement with  poorly  oxygenated  blood,  or  they  may  be  pale  and 
bloodless  on  account  of  the  congestion  of  the  internal  organs,  espe- 
cially the  liver. 

The  affected  birds  soon  become  very  weak,  drowsy,  and  often  sleep 
so  soundly  during  the  last  day  or  two  of  their  lives  that  it  is  difficult 
to  arouse  them.  If  made  to  move,  they  stagger  forward  for  a  few 
steps  only  in  an  uncertain  manner  and  with  dragging  wings.  The 
crop  is  generally  distended  with  food  and  apparently  paralyzed,  and 
the  feathers  about  the  vent  are  soiled  and  sometimes  pasted  together 
with  excrement. 

As  death  approaches,  the  weight  and  the  strength  of  the  bird 
rapidly  diminish,  it  breathes  with  difficulty,  sits  with  the  beak  open, 
and  the  breathing  may  be  heard  at  some  distance.  Finally  the  weakness 
is  such  that  the  beak  is  rested  on  the  ground,  and  a  little  later  the  bird 
falls  over  on  one  side,  makes  a  few  convulsive  movements,  and  dies. 

In  the  very  acute  cases  no  symptoms  are  seen;  the  birds  may  be 
found  dead  under  the  roosts,  or  they  may  fall  at  the  feed  trough  and 
die  in  a  few  minutes. 

The  cholera-like  diseases  often  occur  in  a  chronic  form,  which  may 
follow  an  acute  attack  of  the  disease  or  may  be  chronic  from  the  first 
This  form  is  characterized  by  a  continually  increasing  weakness,  loss 
of  weight,  bloodlessness,  and,  finally,  an  exhaustive  dian^iea.  Some- 
times one  or  more  joints  of  the  wings  or  feet  swell,  the  birds  become 
very  lame,  and  later  the  swellings  break  and  discharge  a  creamy  or 
cheesy  mass  which  contains  large  numbers  of  the  germs. 
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These  diseases  may  destroy  the  greater  part  of  a  flock  in  a  week 
and  then  disappear,  or  they  may  linger  for  months,  only  occasionally 
killing  a  bird.  The  time  between  exposure  to  the  contagion  and  the 
appearance  of  symptoms  is  frcrni  2  to  5  days,  and  the  duration  of  the 
disease  is  from  24  hours  to  10  days. 

The  most  characteristic  changes  seen  after  death  are  red  spots  oa 
the  surface  of  the  heart,  which  gives  it  the  appearance  of  having 
been  sprinkled  with  blood,  congestion  and  enlargement  of  the  liver,, 
and  swelling  of  the  spleen. 

Treatment. — The  best  method  of  treatment  is  to  kill  the  sick  fowls 
in  such  a  way  as  not  to  spread  the  infection  with  their  blood,  bum  or 
deeply  bury  their  bodies,  separate  the  remaining  birds  into  small  lots- 
of  3  to  5  each,  so  that  when  a  bird  is  attacked  there  will  not  be  more 
than  this  number  exposed  to  it;  then  watch  each  lot  so  as  to  remove 
any  sick  bird  as  soon  as  symptoms  appear.  Disinfectants  should  be 
used  in  the  houses  and  yards  where  the  disease  first  appeared^  and 
also  in  the  small  pens  in  which  the  separated  birds  are  kept. 
.  If  it  is  deemed  advisable  to  treat  the  sick  birds,  they  may  be  given 
2  to  4  teaspoonfuls  of  a  one-half  per  cent  carbolic  solution  twice  a 
day.  This  is  generally  made  by  adding  1  part  of  the  5  per  cent  solution 
to  9  parts  of  water.  They  should  also  be  given  buttermilk  to  drink- 
Generally  the  best  I'esults  are  obtained  by  killing  the  sick  birds 
and  separating  the  well  ones  into  small  pens  and  giving  to  each  one 
2  doses  of  the  carbolic  acid  solution  daily  for  three  or  four  days- 
The  houses  and  yards  should  be  thoroughly  cleaned  and  disinfected 
before  the  fowls  are  returned  to  them,  and  should  be  kept  very  cleaDt 
for  some  weeks  afterwards  to  guard  against  a  recurrence  of  the 

disease. 

BOUP  OR  CONTAOIOTTS  CATABRH. 

The  disease  called  "  roup  "  by  poultrymen  is  a  contagious  catarrh^ 
closely  resembling  the  more  malignant  forms  of  influenza  in  the 
larger  animals  and  in  man.  It  attacks  principally  the  membranea 
lining  the  eye,  the  sacs  below  the  eye  (infra-orbital  sinuses),  the  nos- 
trils, the  larynx,  and  the  trachea.  It  is  attended  with  high  fever  and 
is  very  contagious. 

Causation. — Roup  appears  to  be  a  strictly  contagious  disease;  that 
is,  one  which  arises  only,  so  far  as  known,  by  contagion  from  other 
diseased  birds.  The  nature  of  the  microbe  which  constitutes  the 
virus  is  not  known.  The  contagion  is  generally  brought  into  the 
poultry  yard  by  infected  birds.  Sometimes  these  are  birds  which  are 
purchased  from  other  flocks  in  which  the  disease  exists;  sometimes, 
they  are  birds  of  the  home  flock  which  have  been  to  exhibitions  and 
there  exposed  to  sick  fowls;  and  scmietimes  they  are  wild  birds  or 
pigeons  which  fly  from  one  poultry  yard  to  another. 
83902**— Bull.  530—13 2 
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The  saliva  and  the  discharge  which  escapes  from  the  nostrils  carry 
the  contagion,  and  soon  contaminate  tlie  drinking  water  and  feeding 
troughs  so  that  all  the  fowls  are  infected.  Even  the  flocks  in  adjoin- 
ing yards  are  infected  by  the  particles  of  mucus  projected  into  the 
air  when  sneezing,  or  by  the  contagion  carried  on  tlie  feet  of  persons, 
animals,  or  small  birds  tliat  pass  from  one  yard  to  another. 

Delicate  birds  are  inclined  to  severe  attacks  and  to  recover  slowly, 
and  often  a  chronic  condition  persists  for  a  long  time.  Birds  so 
affected  may  carry  and  spread  the  contagion  for  a  year  or  more  and 
become  the  cause  of  new  outbreaks  of  tlie  disease. 

Symptoms. — The  symptoms  first  seen  are  very  similar  to  those  of 
an  ordinary  cold,  but  there  is  more  fever,  dullness^  and  prostration. 
The  discharge  from  the  nasal  opening  is  at  first  thin  and  watery,  but 
in  two  or  three  days  becomes  thick  and  obstructs  the  breathing.  The 
inflammation,  which  begins  in  the  nasal  passages,  soon  extends  to  the 
eyes  and  to  tlie  spaces  which  exist  immediately  below  the  eyeballs 
(infra-orbital  spaces).  The  eyelids  are  swollen,  held  closed  much  ol 
the  time,  and  may  be  glued  tc^ther  by  the  accumulated  seci'etion. 
The  birds  sneeze  and  shake  tlwir  heads  in  their  efforts  to  free  the 
air  passages  from  tlie  thick  mucus.  The  appetite  is  diminished  and 
the  birds  sit  with  their  heads  drawn  in,  wings  drooping,  and  having 
a  general  appearance  of  depression  and  illness. 

When  the  inflammation  reaches  the  spaces  or  sacs  beneath  the  eyeS| 
it  causes  the  formation  of  a  secretion  x-ery  similar  to  that  of  the  nose, 
and  as  this  becomes  thick  it  collects,  distends  the  walls  of  these  spaces, 
and  produces  a  warm  and  painful  swelling,  which  is  seen  just  below 
tlie  eyes  and  may  reach  the  size  of  a  hickory  nut.  This  swelling 
presses  with  much  force  on  the  eyeball,  which  is  displaced  and  more 
or  less  deformed;  and  in  extreme  cases  even  the  hemes  of  the  head 
may  give  way  before  it. 

The  closure  of  the  eyes  prevents  the  badly  affected  birds  from  find- 
ing food;  the  accumulation  of  mucus  in  the  nostrils  completely  ob- 
structs these  passages,  so  that  the  beak  must  be  kept  open  in  order  to 
breatlie;  the  obstruction  of  the  windpipe  and  the  smaller  air  tubes 
causes  loud  breathing  sounds  and  difficult  respiration. 

In  the  severe  and  advanced  cases  the  birds  sit  in  a  somnolent  or 
semiconscious  condition,  unable  to  see  or  to  eat;  their  strength  is  rap- 
idly exhausted,  and  many  of  them  die  within  a  week  or  ten  days.  A 
part  of  the  affected  individuals  recover,  but  others  continue  weak  and 
have  a  chronic  form  of  the  disease  for  months,  during  which  time 
they  continue  to  disseminate  the  contagion. 

This  disease  is  distinguished  from  diphtheria  by  the  absence  of  the 
thick,  tough,  and  very  adherent  newly  formed  membranes  (false  mem- 
branes) in  the  nostrils,  mouth,  and  throat  which  are  characteristic  of 
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the  latter.  There  may  sometimes  be  a  deposit  of  yellowish  material 
on  the  walls  of  the  mouth  and  throat,  but  it  is  easily  broken  up  and 
removed. 

Treatment* — The  medical  treatment  of  this  disease  may  be  very 
successful  if  properly  applied.  The  sick  birds  should  be  removed 
from  the  flock  and  put  in  a  warm,  dry^  and  well-ventilated  room 
which  is  free  from  drafts  of  air.  The  affected  mucous  membranes 
should  then  be  treated  by  applying  antiseptic  and  healing  mixtures. 
The  best  method  is  to  use  a  good  spra.ying  apparatus;  but,  lacking 
this,  a  small  syringe,  an  oil  can,  or  even  a  medicine  dropper  can  be 
made  to  answer  the  purpose. 

It  has  been  recommended  that  the  bird's  head  be  plunged  into  a 
basin  or  bowl  of  the  mixture  and  held  there  a  few  seconds,  but  not 
long  enough  to  cause  suffocation. 

The  remedies  most  suitable  for  such  treatment  are :  Boric  acid,  1 
ounce;  water,  1  quart.  Or,  permanganate  of  potash,  1  dram;  water, 
1  quart  Or,  boric  acid,  li  ounces;  borate  of  soda,  J  ounce;  water,  1 
quart.     Or,  peroxid  of  hydrogen,  1  ounce;  water,  3  ounces. 

Where  the  inflammation  has  progressed  to  the  eye,  excellent  results 
have  followed  the  use  of  argr^rol.  One  or  two  drops  of  a  15  per  cent 
solution  is  introduced  between  the  eyelids  twice  daily  for  a  period  of 
several  days. 

Before  applying  these  remedies  it  is  well  to  wash  the  eyes  and 
mouth  with  warm  water  containing  1  teaspoonful  of  common  salt  to 
a  quart,  using  a  pledget  of  absorbent  cotton  and  rubbing  gently,  while 
at  the  same  time  pressing  and  massaging  about  the  nostrils  and  under 
the  eyes  to  loosen  the  accumulated  secretion.  If  there  is  much  swell- 
ing under  the  eyes,  it  must  be  carefully  opened  with  a  sharp,  clean 
knife,  all  the  secretion  removed,  and  the  cavity  washed  with  one  of 
the  above-mentioned  solutions.  A  pledget  of  cotton  moistened  with 
the  solution  may  be  left  in  the  opening  for  an  hour  or  two,  or  it  may 
be  dusted  with  iodoform  powder.  When  the  swelling  under  the  eye 
is  not  very  large  or  hard,  it  may  often  be  reduced  by  massaging  it  in 
such  a  manner  as  to  press  the  contents  toward  the  nostril.  After 
treating  the  birds  in  this  manner  the  head  should  be  well  anointed 
with  pure  vaseline  or  with  camphorated  vaseline. 

The  treatment  of  sick  birds  requires  much  time  and  patience,  and 
there  is  always  the  risk  that  they  may  carry  the  contagion  for  sev- 
eral months  after  they  are  apparently  well.  Prevention  is  therefore 
much  more  profitable.  To  accomplish  this,  measures  should  be  con- 
tinually enforced  which  will  exclude  contagion  of  all  kinds.  New 
birds  and  those  which  have  been  to  exhibitions  should  be  isolated  and 
kept  under  observation  for  two  weeks  before  they  are  put  with  the 
flock,  and  all  animals  and  wild  birds  excluded,  so  far  as  possible.    The 
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houses  should  be  kept  clean  and  dry  and  occasionally  disinfected. 
If  the  disease  appears  notwithstanding  these  precautions,  isolate  the 
affected  fowls  at  once  at  a  distance  from  the  well  ones,  and  apply 
disinfectants  freely  about  the  houses  and  runs.  Also  place  sufficient 
permanganate  of  potash  in  all  drinking  w^ater  to  give  the  latter  a. 
deep  red  color.  If  the  disease  proves  of  a  severe  type,  it  is  often 
better  to  kill  the  entire  flock,  and  after  a  thorough  cleaning  and  dis- 
infection of  the  premises  to  begin  with  new  birds.  This  radical 
method  avoids  the  retention  of  birds  which  may  harbor  the  contagion 
and  cause  the  development  of  subsequent  outbreaks. 

DIPHTHEBIA. 

Diphtheria  is  a  disease  having  some  of  the  symptoms  of  a  cold,  or 
of  the  contagious  catarrh  described  above,  but  which  differs  from 
these  and  is  especially  characterized  by  the  development  of  false 
membranes  on  the  mucous  surface  of  the  nostrils,  eyes,  mouth,  throat, 
and  even  of  the  smaller  air  tubes.  The  false  membranes  are  new 
growths  of  a  grayish  or  yellowish  color,  very  tough,  and  very  difficult 
to  remove  from  the  tissues  beneath  them. 

Causation. — The  diphtheria  of  fowls  is  caused  by  a  filterable  and 
invinible  virus,  and  therefore  is  entirely  distinct  from  the  diphtheria 
of  children,  which  is  caused  by  a  well-known  bacillus.  The  disease 
is  strictly  contagious,  and  probably  never  develops  as  the  result  of 
exposure  to  cold  and  dampness,  although  these  conditions  favor  its 
spread  and  tend  to  increase  its  malignancy.  The  contagion  is  gen- 
erally introduced  by  newly  purchased  birds  or  by  birds  which  have 
been  to  exhibitions  and  there  exposed  to  sick  fowls.  Sometimes  it  is 
carried  by  pigeons  and  other  small  birds.  Very  often  an  outbreak 
is  caused  by  contagion  from  an  apparently  well  bird  which  had  the 
disease  and  recovered  months  before. 

The  contagion  is  spread  through  the  mucus  which  escapes  from  the 
nostrils,  or  that  which  is  forced  out  in  the  acts  of  sneezing  or  cough- 
ing, in  the  saliva,  the  secretions  of  the  eyes,  and  also  the  excrement. 
WTien  the  disease  appears  in  a  flock  the  floors  of  the  houses,  the  drink- 
ing cups,  and  feeding  troughs  are  at  once  infected  by  the  diseased 
birds,  and  the  well  ones  soon  contract  the  disease  from  the  contami- 
nated water  and  food.  It  is  consequently  but  a  few  days  before  a 
large  part  of  the  flock  shows  symptoms,  though  some  are  much  more 
severely  affected  than  others. 

Symptoms. — Diphtheria  begins  as  a  local  irritation  or  inflammation 
at  some  point  on  the  internal  surface  of  the  mouth,  throat,  nostril,  or 
eyes.  At  this  time  the  general  health  is'not  yet  affected,  and  there  is 
nothing  but  the  diphtheritic  deposit  to  indicate  that  the  bird  has  been 
attacked.    This  deposit  is  at  first  thin,  yellowish  or  whitish  in  color, 
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and  gradually  becomes  thicker,  firmer,  and  more  adherent,  so  that 
considerable  force  is  required  to  remove  it.  The  mucous  membrane 
beneath  the  deposit  is  found,  when  the  latter  is  removed,  to  be  in- 
flamed, ulcerated,  and  bleeding,  but  it  is  soon  covered  by  a  new 
deposit.  This  deposit  is  called  a  false  membrane,  and  when  it  is  situ- 
ated where  the  air  passes  over  it  in  breathing  it  dries,  becomes  uneven 
and  fissured,  and  its  color  changes  to  a  dark  brown. 

With  pigeons  the  deposit  is  more  friable  and  easily  removed,  and 
the  mucous  membrane  beneath  it  is  reddened  but  not  ulcerated. 

While  the  false  membranes  over  the  parts  first  affected  are  becom- 
ing thicker,  the  inflammation  extends  to  the  adjoining  surfaces,  and 
new  diphtheritic  centers  develop,  uniting  with  each  other  until  the 
cheeks,  the  tongue,  the  palate,  the  throat,  and  the  inside  of  the  nostrils 
are  covered.  Very  often  the  inflammation  extends  from  the  nostrils 
to  the  eyes  and  the  sacs  beneath  the  eyes,  and  sometimes  it  penetrates 
the  air  tubes  to  the  lungs  or  the  gullet  to  the  crop. 

This  extension  of  the  disease  leads  to  the  appearance  of  other  symp- 
toms. The  inflamnlation  in  the  nostrils  causes  sneezing  and  the 
escape  of  a  thin,  watery  secretion  from  the  nasal  openings;  the  thick 
false  membranes  fill  up  the  nasal  passages  and  the  throat  and  obstruct 
the  breathing;  a  thick,  viscid  secretion  collects  on  the  eyelids  and 
glues  them  together;  the  sacs  under  the  eyes  fill  up,  and  swellings  are 
caused  which  disfigure  the  head ;  the  poison  which  is  produced  by  the 
growth  of  the  microbe  beneath  the  false  membranes  is  absorbed  and 
affects  the  nervous  system,  causing  dullness,  depression,  and  sleepi- 
ness. The  affected  bird  stands  with  the  neck  extended  and  the  beak 
open  to  facilitate  the  entrance  of  air  into  the  lungs,  and  from  the 
comers  of  the  mouth  there  hang  strings  of  thick,  tenacious,  grayish 
mucuj?.  At  this  time,  which  may  be  three  to  five  days  from  the  ap- 
pearance of  the  first  symptoms,  the  condition  is  very  serious.  Swal- 
lowing is  diflicult  or  impossible;  the  breathing  is  so  obstructed  that 
hardly  suflicient  air  can  be  inhaled  to  support  life;  the  head  is  swol- 
len ;  the  eyes  are  nearly  or  entirely  closed ;  the  feathers  of  the  head, 
neck,  and  breast  are  foul  with  the  decomposing  secretions  from  the 
nostrils  and  mouth;  there  is  considerable  fever;  an  exhausting  diar- 
rhea sets  in ;  there  is  rapid  loss  of  weight ;  the  comb  and  wattles  be- 
come pale  and  cold ;  the  temperature  of  the  body  finally  sinks  below 
the  normal ;  and  death  scon  follows. 

When  false  membranes  form  in  the  gullet,  crop,  and  intestines, 
there  is  a  rapid  aggravation  of  the  symptoms,  an  intense  diarrhea, 
and  the  escape  of  blood  with  the  droppings.  This  type  of  the  dis- 
ease is  more  frequent  with  water  fowl  than  other  birds.  Some  fowls 
in  a  flock  are  resistant,  and  after  a  few  days  of  illness  make  a  rapid 
recovery.  Others  remain  dull,  weak,  and  thin  in  flesh,  and  may  have 
more  or  less  catarrh  and  difficulty  of  breathing  for  a  long  time. 
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The  period  between  exposure  to  the  contagion  and  the  appearance 
of  the  first  symptoms  varies  from  8  to  15  days;  the  duration  of  the 
disease  varies  from  2  to  3  days  to  as  many  weeks  in  the  acute  cases, 
while  the  chronic  form  may  continue  for  several  months.  The  aver- 
age death  rate  is  frcnn  50  to  60  per  cent  of  the  flock. 

Treatment. — The  treatment  of  fowls  affected  with  diphtheria  re- 
quires much  time  and  patience,  and  as  a  rule  does  not  pay.  It  is  bet- 
ter to  kill  those  affected,  bury  or  burn  their  carcasses,  disinfect  the 
poultry  houses,  and  in  that  way  eradicate  the  contagion  as  soon  as 
possible,  even  if  the  whole  flock  must  be  sacrificed. 

If  it  is  decided  to  treat  the  sick  birds,  they  should  be  removed  from 
the  flock  and  put  in  a  comfortable,  well-ventilated  room  which  may 
be  easily  disinfected.  Make  a  solution  by  dissolving  2  drams  of  com- 
mon salt  in  a  quart  of  warm  water,  and  with  a  soft  brush  or  a  pledget 
of  absorbent  cotton  dipped  in  this  solution  gently  brush  or  rub  the 
false  membranes  until  they  are  disintegrated  and  loosened  from  the 
imderlying  tissues.  Sometimes  it  is  necessary  to  scrape  them  off  with 
a  spoon  or  knife,  but  it  must  be  done  carefuUy'so  that  bleeding  will 
not  be  caused  or  the  sensitive  tissues  injured.  After  the  false  mem- 
brane has  been  removed,  moisten  a  pledget  of  absorbent  cotton  in  a  2 
per  cent  solution  of  lysol  or  carbolic  acid  and  apply  it  for  a  minute 
or  two  to  the  diseased  surface.  A  solution  which  gives  good  remits 
is  made  by  dissolving  35  grains  of  chlorate  of  potash  and  2  grains  of 
salicylic  acid  in  1  ounce  of  water  and  adding  1  ounce  of  glycerin. 
This  may  be  applied  to  the  diphtheritic  spots  three  or  four  times  a 
day  with  a  pledget  of  absorbent  cotton. 

Another  solution  which  is  often  recommended  is  made  by  dis- 
solving 16  grains  of  permanganate  of  potash  in  half  a  pint  of  water. 
A  very  good  and  also  a  harmless  solution  consists  of  IJ  ounces  of 
boric  acid  and  1  ounce  of  powdered  borax  (biborate  of  soda)  dis- 
solved in  1  quart  of  water  and  applied  warm.  The  two  last-men- 
tioned solutions  may  be  used  to  wash  the  eyes  or  may  be  injected 
into  the  nostrils.  Argjrol  may  also  be  used  as  recommended  in 
contagious  catarrh. 

If  large  swellings  appear  beneath  the  eyes,  they  should  be  opened 
with  a  clean,  sharp  knife,  the  contents  of  the  cavity  removed,  and 
the  space  frequently  washed  with  the  boric-acid-borax  solution  men- 
tioned above. 

Many  persons  think  that  the  treatment  is  not  complete  without 
fumigation.  To  accomplish  this  vaporize  tar  water  or  oil  of  tur- 
pentine in  the  room  by  dropping  it  slowly  on  a  hot  brick  or  stone 
after  the  doors  and  windows  have  been  tightly  closed.  If  the  operator 
remains  in  the  room  with  the  fowls,  he  can  easily  determine  when 
as  much  of  the  remedy  has  been  vaporized  as  can  safely  be  used  and 
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should  stop  at  that  point.  The  tar  water  is  prepared  by  stirring  two 
lablespoonfuls  of  wood  tar  in  a  quart  of  warm  water  and  letting  the 
mixture  stand  for  a  few  hours. 

The  cages  and  the  room  in  which  the  sick  birds  are  kept  should  be 
disinfected  daily  with  a  5  per  cent  solution  of  cresol  or  carbolic  acid. 

BIRD  POX  (CmCKEH  POX). 

Bird  pox  is  a  condition  characterized  by  an  eruption  of  nodules 
varying  from  the  size  of  a  millet  seed  to  that  of  a  pea,  which  occurs 
on  the  comb,  wattles,  ear  lobes,  and  less  frequently  on  the  skin  of 
other  parts  of  the  body.  It  is  more  frequent  and  more  malignant  in 
warm  than  in  cold  climates,  but  occurs  in  most  parts  of  the  world. 
Recent  investigations  make  it  probable  that  it  is  caused  by  a  filterable 
virus  which  is  identical  with  that  of  diphtheria.  As  the  symptoms 
of  the  two  conditions  are  generally  quite  distinct  they  are  here 
described  separately. 

Causatioii. — Bird  pox,  so  far  as  known,  does  not  originate  in  any 
other  way  than  by  contagion..  It  seems  to  be  produced  by  virus  from 
fowls  or  pigeons  affected  with  either  the  eruption  of  bird  pox  or  the 
false  membranes  of  diphtheria.  Experiments  have  shown  that  both 
pox  and  diphtheria  are  easily  inoculated  from  fowl  to  fowl  and  from 
pigeon  to  fowl,  but  the  inoculation  of  pox  from  fowl  to  pigeon  has 
proved  very  difficult  and  that  of  diphtheria  impossible.  The  con- 
tagion is  believed  to  exist  in  the  blood  as  well  as  in  the  nodules  which 
appear  upon  the  skin. 

The  disease  is  generally  introduced  by  new  birds  which  are  put  into 
the  flock  or  by  exhibition  birds  which  return  infected.  Probably 
it  is  often  brought  by  pigeons,  sparrows,  and  other  birds  which  fly 
from  one  yard  to  another.  The  inoculation  of  the  comb  and  wattles 
appears  to  occur  by  rubbing  these  parts  with  the  infected  feet  or 
by  being  injured  with  the  infected  beaks  of  other  birds. 

The  \4rus  is  quite  resistant  and  requires  thorough  disinfection  for 
its  eradication. 

Sjrmptoms. — The  eruption  appears  as  round,  oblong,  or  irregularly 
shaped  nodules  from  the  size  of  a  pinhead  to  that  of  a  pea  or  a  hazel- 
nut. They  are  seen  especially  about  the  beak  and  nostrils  and  on  the 
comb,  the  eyelids,  the  wattles,  and  the  ear  lobes.  In  some  individuals, 
and  particularly  in  pigeons,  the  eruption  is  more  generalized  and  is 
found  on  the  skin  of  other  parts  of  the  body,  as  the  neck,  under  the 
wings,  on  the  rump,  and  about  the  cloaca.  Here  the  nodules  may 
become  larger  than  on  the  head. 

The  nodules  begin  as  small  red  or  reddish-gray  deposits  with  a 
i^iny  surface  and  gradually  enlarge,  while  the  color  changes  to  a 
yellowish,  brownish,  or  dark  brown  and  the  surface  dries  and  be- 
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comes  shriveled,  uneven,  and  warty  in  appearance.  Owing  to  the 
number  of  nodules  and  the  extension  of  the  inflammaticm,  large 
l^atches  of  skin  become  thickened  and  covered  with  hard,  dry 
crusts,  closing  the  nasal  openings  or  the  eyelids  and  making  it 
diffictilt  even  to  open  the  beak. 

In  the  milder  cases  the  eruption  is  limited  to  the  head,  the  nodules 
are  distinct  and  small,  and  the  general  health  of  the  affected  bird 
does  not  suffer.  The  nodules  soon  dry,  heal,  and  shrink;  the  crusts 
become  loosened  and  fall  off,  and  there  is  rapid  recovery.  In  the 
more  malignant  cases  the  eruption  is  generalized  over  the  surface 
of  the  body,  the  nodules  are  larger,  and  there  is  a  diffuse  inflamma- 
tion and  thickening  of  large  areas  of  skin.  If  the  crusts  are  rubbed 
or  s^'atched  off  by  the  fowls,  there  occurs  from  the  ulcerous  surface 
a  discharge  at  first  watery,  but  later  thick,  yellowish,  and  viscid, 
which  soils  the  feathers  and,  if  abundant,  gives  off  a  disagreeable 
odor.  This  type  of  the  disease  is  accompanied  by  fever,  rapid  loss 
of  flesh,  and  prostration,  and  frequently  causes  the  death  of  the 
victim.  In  the  most  malignant  cases,  especially  with  pigeons^  the 
eruption  extends  to  the  mucous  membranes  of  the  eyes,  nostrils,  and 
mouth,  causing  a  diphtheritic  inflammation  that  is  generally  fatal. 

Treatment. — The  mild  cases  of  this  disease  may  be  successfully 
treated  by  simple  local  applications.  The  crusts  on  the  nodules  are 
softened  with  carbolated  ointment,  glycerin,  or  oil,  and  after  an  hour 
or  two  removed  by  washing  with  warm  water  containing  a  little  soapu 
The  denuded  tissue  is  then  treated  with  a  2  per  cent  solution  of  creo- 
lin  or  lysol,  or  with  a  saturated  solution  of  boric  acid.  Some  prefer 
carbolated  oil  or  carbolated  ointment  to  watery  solutions;  others 
apply  tincture  of  iodin.  If  there  is  much  inflammation  of  the  eyes, 
apply  frequently  with  a  medicine  dropper  or  a  pledget  of  absorbent 
cotton  a  solution  mada  by  dissolving  1^  ounces  boric  acid  and  1  ounce 
biborate  of  soda  in  a  quart  of  warm  water.  This  solution  may  also  be 
applied  to  the  inflamed  skin  either  before  or  after  the  crusts  are 
removed. 

As  this  disease  is  contagious,  the  houses,  drinking  vessels,  and  feed 
troughs  should  be  kept  disinfected  during  the  outbreak  and  for  some 
days  after  all  the  birds  have  apparently  recovered. 

BLACKHEAD  (ENTEEO-HEFATITIS). 

This  is  a  disease  of  the  intestines  and  liver,  which  is  most  frequent 
with  and  most  injurious  to  turkeys,  but  which  also  attacks  common 
fowls.  In  the  course  of  this  disease  the  head  often  becomes  dark 
colored  or  nearly  black,  and  for  that  reason  it  is  popularly  known  as 
"  blackhead,"  although  it  is  only  the  internal  organs  that  are  attacked 
by  the  parasitic  microbe.  The  cause  of  the  disease  is  a  protozoal 
organism  called  Arrueha  meleagridis^  the  ameba  of  turkeys.    The 
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contagion  is  widely  disseminated  and  in  some  localities  has  made  the 
production  of  turkeys  nearly  impossible. 

CansatioiL — ^The  ameba  leaves  the  bodies  of  the  sick  birds  with  the 
excrement  and  infects  other  birds  by  entering  the  digestive  organs 
with  the  food  and  drink.  It  passes  along  the  alimentary  canal  until 
it  arrives  at  the  two  Hind  pouches  or  lateral  extensions  called  the 
ceca,  where  it  begins  its  growth  and  produces  the  first  signs  of  disease. 
Here  it  penetrates  the  lining  membrane,  increases  rapidly  in  numbers, 
and  sets  up  an  inflammatory  process  which  leads  to  a  great  thickening 
of  the  intestinal  wall  and  to  the  filling  up  arid  obstruction  of  the  tube 
with  an  accumulation  of  yellowish  white  or  grayish  cheesy  material 
that  is  deposited  in  concentric  layers. 

The  changes  which  are  almost  constantly  found  in  the  liver  are 
explained  by  assuming  that  the  microbes  are  carried  by  the  blood 
from  the  diseased  ceca  to  the  liver,  and  are  there  deposited  at  differ- 
ent points,  where  they  multiply  and  spread  in  all -directions.  In  this 
way  are  formed  the  numerous  centers  of  disease  which  appear  on  the 
sur&ce  of  the  liver  as  yellowish  spots,  but  which  when  cut  across 
are  seen  to  be  irregularly  spherical  in  shape.  The  ameba  are  liber- 
ated in  large  numbers  both  in  the  ceca  and  in  the  liver,  are  mixed 
with  the  intestinal  contents,  and  are  distributed  with  the  droppings. 

There  is  some  difference  of  opinion  as  to  whether  the  ameba  is  ever 
present  within  the  egg  of  diseased  turkeys,  but  the  indications  are  that 
the  infection  is  not  carried  in  this  way.  It  no  doubt  often  exists  on 
the  outside  of  the  shell,  from  contamination  when  the  egg  passes 
through  the  cloaca,  and  for  this  reason  the  eggs  should  be  carefully 
cleaned  before  they  are  put  under  the  sitting  hen  or  into  an  incubator. 

An  important  recent  conclusion  is  that  common  fowls  harbor  this 
parasite,  although  they  rarely  suffer  sufficiently  from  its  attacks  to 
show  marked  symptoms  of  disease.  They  scatter  the  contagion  con- 
stantly, however,  and  young  turkeys,  being  more  susceptible,  con- 
tract a  fatal  form  of  the  disease  and  are  nearly  all  destroyed  by  it. 
For  this  reason  it  is  very  difficult  to  raise  turkeys  on  or  near  grounds 
where  there  are  common  fowls. 

Symptoms* — ^The  symptoms  of  blackhead  are  most  frequently  seen 
in  young  turkeys,  commonly  called  "  poults,"  which  are  from  2  weeks 
to  3  or  4  months  old.  When  young  poults  are  infected  experimen- 
tally by  feeding  them  diseased  livers  they  usually  die  in  about  two  or 
three  weelcs,  but  when  infected  naturally  they  generally  take  in  a 
smaller  quantity  of  contagion  and  live  a  longer  time. 

The  affected  birds  at  first  appear  less  lively  than  usual,  are  not  so 
active  in  searching  for  food,  and  when  fed  show  a  diminished  appe- 
tite. Diarrhea  is  a  nearly  constant  symptom,  being  due  to  the  inflam- 
mation of  the  ceca.  As  the  disease  progresses  there  is  more  dullness 
and  weakness,  the  wings  and  tail  droop,  and  there  is  often  the  pecu- 
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liar  diseoloratiim  of  the  head  which  led  to  the  disease  being  called 
"  blackhead."  There  is  increasing  prostration  and  loss  of  weight ; 
the  affected  birds^  instead  of  following  their  companions,  stand  about 
in  a  listless  manner,  indisposed  to  move  and  paying  little  attention  to 
what  occurs  about  thenu 

The  greater  part  of  the  affected  p>oialts  die  within  three  or  four 
months  after  hatching;  but  with  s(Hne  the  disease  takes  a  more 
dironic  form  and  does  not  cause  death  for  a  year  or  mcnre.  Nearly 
all  die  soon^  or  later  from  the  effects  of  the  disease,  but  in  a  small 
proportion  of  the  cases  there  is  healing  and  recovery. 

The  finding  after  death,  in  young  turkeys,  of  the  diseased  and 
thickened  ceca,  plugged  with  cheesy  contents,  together  with  the  yel- 
lowish or  ydlowish-green  spots  in  ttie  more  or  less  ^ilarged  liver  are 
sufficient  indications  to  warrant  a  diagnosis  of  blackhead. 

Tteatmeut — The  treatment  of  diseased  birds  has  not  given  sat^- 
factory  results.  The  ranedies  most  often  used  are  sulphur  5  grains, 
sulphate  of  iron  1  grain ;  or  benzcmaphthol  1  grain,  salicylate  of  bis- 
muth 1  grain ;  or  sulphate  of  iron  1  grain,  salicylate  of  soda  1  grain. 
These  r^nedies  should  be  preceded  and  followed  by  a  dose  of  Epscan 
salts  ( 10  to  35  grains),  or  of  castor  oil  (|  to  3  teaspoonfub) .  Fifteen 
grains  of  catechu  to  the  gallon  of  drinking  water  may  also  have  a 
beneficial  effect.  It  seems  clear,  howeW,  that  it  does  not  pay  to 
doctor  the  sick  poults  and  that  the  only  hope  of  success  at  present  is 
in  preventing  their  infection. 

The  measures  of  prevention  which  have  been  suggested  are  (1) 
obtaining  eggs  from  birds  believed  to  be  healthy;  (2)  wiping  the  eggs 
with  a  cloth  wet  with  alcoh<d  (80  to  90  per  cent)  before  they  are 
placed  in  the  incubator  or  under  tl^  hen  iop  hatching,  to  remove  any 
contagion  that  might  be  on  the  shell ;  (3)  hatching  in  an  incubator^ 
or  at  least  removing  the  ^gs  from  under  the  hen  a  day  or  two  before 
hatching  would  occur,  wiping  with  alcohol,  and  finishing  in  an  incu- 
bator, in  order  to  avoid  exposing  the  poults  to  the  hen;  (4)  placing 
the  young  poults  on  ground  at  a  distance  from  all  oth^  domesticated 
fowls  and  which  has  not  recently  been  occupied  by  other  fowls;  (5) 
excluding  so  far  as  possible  pigeons,  other  wild  birds,  and  rats  and 
mice  from  the  houses  and  runs  occupied  by  the  turkeys;  (6)  the  fre- 
quent disinfection  of  the  houses,  feed  troughs,  drinking  fountains, 
etc. ;  (7)  the  immediate  killing  of  diseased  birds  and  the  destruction 
of  their  bodies  by  fire. 

These  radical  measui-es  are  necessary ,. and  in  sections  of  the  country 
which  are  not  too  intensely  infected  they  will  make  it  possible  to 
carry  on  the  turkey  industry  successfully.  However,  it  must  be  ad- 
mitted that  up  to  the  present  blackhead  has  proved  to  be  the  most 
difficult  of  all  diseases  to  prevent  or  eradicate. 
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The  destruction  of  the  contagion^  after  it  has  been  introduced  into 
a  poultry  yard,  has  also  been  found  difficult  or  impossible.  Some 
hare  proposed  to  dig  up  and  bum  the  surface  soil  to  depth  of  several 
inche&  which  might  be  done  with  small  yards  but  is  impossible  with 
large  ones.  In  most  cases  the  poultryman  must  be  contented  with 
the  application  of  a  layer  of  freshly  burned  lime  that  has  been  care- 
fully slaked  to  a  fine,  dry  powder.  After  a  few  weeks  this  ground 
should  be  plowed  and  another  layer  of  lime  applied.  Tlie  manure 
which  has  accumulated  should  be  burned  or  mixed  with  lime  and 
plowed  into  the  ground  of  some  distant  fields.  The  walls  and  iBioors 
of  the  buildings  should  be  covered  with  a  good  limewash  containing 
6  ounces  of  carbolic  acid  to  the  gallon.  The  fences  should  receive  a 
coat  of  limewash.  The  feeding  troughs  and  drinking  vessels  should 
be  put  into  a  kettle  of  boiling  water  for  half  an  hour.  Troughs  too 
large  for  this  should  be  burned  and  replaced  by  new  ones.  After 
these  measures  are  adopted,  the  longer  the  premises  are  left  vacant 
the  more  likely  is  the  contagion  to  be  completely  destroyed.  The 
freesung  and  thawing  of  a  winter  and  spring  will  be  found  of  great 
assistance.  In  beginning  with  a  new  flock  the  precautions  already 
naentioned  must  be  adopted  to  prevent  tlie  reinfection  of  the  premises. 

TUBEKCVLOSIS. 

The  tuberculosis  of  fowls  is  a  chronic  contagious  disease,  charac- 
terized by  the  development  of  nodules  called  tubercles  in  various  or- 
gans of  the  body,  but  most  frequently  in  the  liver,  spleen,  and  intes- 
tines. The  disease  is  caused  by  a  bacillus  which  differs  somewhat  in 
its  manner  of  growth  in  artificial  cultures  from  the  bacilli  which 
cause  the  tuberculosis  of  pe<^le  and  of  cattle.  The  tuberculosis  of 
fowls  is  readily  communicated  to  most  species  of  birds  and  to  several 
species  of  mammals,  but  it  is  almost  impossible  to  communicate  the 
tuberculosis  of  man  and  of  cattle  to  fowls.  Parrots  and  the  smaller 
cage  birds  are  very  susceptible  to  human  tuberculosis,  however,  and 
are  often  affected  by  it. 

CansatioB. — ^Tuberculosis  is  generally  brought  into  the  poultry  yard 
with  fowls  that  are  purchased  from  infected  flocks  or  with  the  eggs 
of  diseased  birds  that  are  obtained  for  the  purpose  of  hatching.  If 
the  disease  exists  in  neighboring  flocks  the  contagion  may  be  carried 
by  i^oaall  birds  or  animals  passing  from  one  yard  to  another.  A 
peculiarity  of  the  tuberculosis  of  birds  is  that  the  liver  and  intestines 
are  neariy  always  very  severely  affected,  and  that  as  a  consequence  the 
bacilli  are  very  numerous  in  the  intestinal  contents  and  are  scattered 
with  the  droppings  everywhere  that  the  fowls  gOw  The  introduction 
of  a  single  diseased  bird  may,  therefore,  cause  the  infection  of  the 
greater  part  of  the  flock  in  a  few  weeks.    In  the  same  way,  when 
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wild  birds  contract  the  disease  the  bacilli  are  carried  and  deposited 
in  all  the  yards  which  they  visit.  * 

The  eggs  of  diseased  birds  frequently  contain  the  bacilli,  as  has 
been  proven  by  the  inoculation  of  and  transference  of  the  disease  to 
rabbits  and  guinea  pigs.  The  young  chicks  hatched  from  such  m- 
fected  eggs  are  diseased  when  they  leave  the  shell  and,  of  course,  soon 
infect  the  poultry  with  which  they  run.  Moreover,  since  the  sterile 
incubated  eggs  are  often  fed  to  chickens,  it  is  clear  that  even  the  eggs 
which  do  not  hatch  may  introduce  the  contagion  unless  they  are 
cooked  before  feeding. 

Pigs,  cats,  rats,  and  mice  are  especially  liable  to  be  infected  with 
fowl  tuberculosis  from  eating  the  carcasses  of  birds  which  have  died, 
and  these  animals  serve  to  keep  up  the  contagion  and  may  communi- 
cate it  to  other  fowls.  Even  calves  and  colts  are  sometimes  foimd 
suffering  from  this  form  of  tuberculosis. 

Symptoms. — These  are  generally  not  observed  in  the  internal  tuber- 
culosis of  fowls  until  the  disease  has  reached  an  advanced  stage  of 
development.  They  begin  with  gradual  loss  of  weight,  wasting  of  the 
muscles,  paleness  of  the  comb,  and  toward  the  end  dullness,  sleepiness, 
and  diarrhea.  Very  often  there  is  at  the  same  time  a  tubercular  in- 
flammation of  the  joints  and  of  the  sheaths  of  tendons,  which  is 
revealed  by  lameness,  swelling  of  the  joints  and  legs,  and  sometimes 
by  the  formation  of  hard,  external  tumors  of  considerable  size.  Occa- 
sionally the  skin  over  the  swollen  joints  breaks,  the  interior  of  the 
joint  is  ulcerated,  and  a  small  quantity  of  pus  containing  large  num- 
bers of  tubercle  bacilli  is  discharged.  Swellings  and  bony  enlarge- 
ments of  the  joints  with  fowls  are  invariably  suspicious,  and  their 
nature  should  always  be  investigated  by  killing  the  bird  and  exam- 
ining the  liver  and  spleen  to  determine  if  these  have  any  whitish  or 
yellowish  spots  on  their  surface  which  when  cut  into  prove  to  be 
tubercular  masses. 

Treatment. — There  is  no  treatment  that  will  cure  fowls  which  have 
been  attacked  with  tuberculosis.  When  the  disease  is  discovered  the 
effort  should  be  to  eradicate  it  at  once  by  killing  off  the  whole  flock 
and  thoroughly  disinfecting  all  the  houses  and  runs. 

As  the  great  majority  of  the  birds  will  probably  be  more  or  less 
affected,  the  chances  are  that  any  which  are  saved  will  have  diseased 
livers  and  intestines,  from  which  the  bacilli  will  escape  and  keep  up 
the  infection  of  the  flock  and  the  runs.  The  danger  of  this  is  so  great 
that  no  attempt  should  be  made  to  keep  any  of  the  fowls  that  have 
been  exposed  to  the  contagion,  no  matter  how  valuable  they  may  be. 
The  bodies  of  the  birds  which  have  died  or  are  killed,  as  well  as  all 
the  accumulated  manure,  sweepings,  and  scrapings  of  the  poultry 
houses,  should  be  completely  destroyed  by  fire. 
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So  far  as  known  there  is  no  danger  of  communicating  the  disease 
to  man  by  eating  the  cooked  flesh  of  tuberculous  fowls.  In  most 
cases,  however,  the  diseased  birds  are  so  emaciated  and  their  gen- 
eral health  so  affected  by  fever  and  diarrhea  that  their  flesh  is  not  fit 
for  human  consumption.  It  is  better  in  all  cases  to  bum  the  carcasses 
of  the  birds  in  which  tubercular  nodules  are  found,  and  thus  avoid  all 
danger  of  the  disease  being  communicated  to  either  man  or  animals. 

ASFEBOnXOSIS. 

One  of  the  common  molds,  called  Aspergillus  fumigatus^  sometimes 
attacks  the  respiratory  or  digestive  organs  of  fowls,  producing  either 
whitish  or  yellowish  tubercle-like  nodules  in  the  tissues  or  large,  flat 
elevations  of  a  dirty  yellow  or  greenish  coloration  on  the  surface  of 
the  mucous  membranes.  Each  of  the  nodules  contains  a  growth  of 
the  mold  at  its  center,  which  is  inclosed  and  imprisoned  by  a  wall  of 
animal  cells.  The  flat  elevations,  however,  represent  the  free  growth 
of  the  mold  on  the  surface  of  the  mucous  membrane,  having  very 
much  the  appearance  which  it  presents  when  growing  outside  of  the 
body  on  dead  organic  matter.  The  greenish  color  of  the  diseased 
area  is  due  to  the  greenish  filaments  of  the  mold  or  fungus  grow- 
ing upon  its  surface.  The  filaments  are  not  all  on  the  surface, 
however,  but  they  penetrate  deeply  into  the  tissues,  causing  inflamma- 
tion and  swelling,  which  obstructs  the  respiration,  and  at  the  same 
time  they  apparently  produce  a  poison,  which  causes  the  general 
depression  and  fever.  The  changes  caused  by  the  development  of 
this  fungus  are  most  frequently  seen  in  the  mouth,  the  trachea,  the 
bronchial  tubes,  the  lungs,  and  the  air  sacs,  but  they  may  also  occur 
in  the  alimentary  canal. 

Causation. — The  Aspergillus  jumigatus  is  a  very  common  fungus  of 
great  vegetative  and  resisting  powers  which  is  found  everywhere  grow- 
ing upon  dead  organic  matter  of  the  most  varied  kinds.  Its  develop- 
ment is  favored  by  warmth  and  moisture,  and  its  spores  are  often 
found  in  enormous  numbers  in  musty  or  moldy  hay,  straw,  or  grain. 
The  mucus  on  the  surface  of  the  membranes,  the  serum  beneath  them, 
and  the  temperature  of  the  bird's  body  are  all  favorable  to  its  growth, 
while  in  addition  it  has  the  power  to  resist  the  efforts  of  the  animal 
tissues  to  overcome  and  dislodge  it.  Having  such  characteristics, 
this  fungus  is  one  to  be  excluded  so  far  as  possible  from  the  habita- 
tions of  poultry,  for  otherwise  it  may  cause  severe  and  fatal  disease. 

The  spores  of  aspergillus  are  most  frequently  introduced  with 
moldy  hay,  straw,  or  chaff  that  are  given  to  the  fowls  to  scratch  in. 
Often  the  fungus  grows  on  accumulations  of  manure,  old  leather, 
and  similar  substances  when  they  are  sufficiently  moist,  and  pro- 
duces spores  in  enormous  numbers.    Not  all  birds  are  susceptible  to 
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its  attacks,  and  it  seems  to  be  the  delicate  breeds  and  the  weak  indi- 
viduals which  are  most  frequently  its  victims. 

Symptoms. — This  disease  may  be  limited  to  a  single  bird  or  it  may 
affect  a  large  number.  When  the  air  tubes  or  lungs  are  attacked 
the  first  symptoms  are  a  slight  catarrh  with  accelerated  breathing. 
Soon  the  swellings  obstruct  the  passage  of  air  and  there  is  a  rattling 
or  croupy  sound,  heard  chiefly  during  expiration.  The  affected  birds 
mope,  separate  themselves  from  the  remainder  of  the  flock,  remain 
in  a  sitting  posture ;  if  made  to  move,  it  is  seen  that  they  are  weak 
and  scarcely  able  to  walk,  and  if  they  try  to  run  they  soon  fall  from 
exhaustion.  The  diflSculty  of  breathing  increases  rapidly ;  they  gasp 
for  breatli  and  make  movements  of  the  head  and  neck  as  if  choking; 
there  is  fever,  diarrhea,  drooping  wings,  great  depression,  a  tendency 
to  sleep,  and  finally  suffocation  and  death. 

When  the  disease  is  limited  to  the  large  air  sacs  the  only  sjTnptoms 
are  progressive  loss  of  flesh  and  weakness.  If  the  small  air  sacs  of 
the  bones  are  involved,  which  rarely  occurs,  there  may  be  lameness, 
with  swollen  and  inflamed  joints.  After  death  the  yellowish  nodules 
are  sometimes  found  in  the  liver  and  kidneys  as  well  as  in  the  other 
organs  which  have  been  mentioned. 

Treatment. — This  disease  is  a  most  diflicult  one  to  cure,  but  some- 
times affected  birds  may  be  saved  by  applying  flowers  of  sulphur  or 
tincture  of  iodin  to  the  diseased  patches  seen  in  the  mouth  and 
throat,  and  causing  the  birds  to  inhale  the  vapor  of  tar  water  or 
turpentine.  Tar  water  is  obtained  by  stirring  2  tablespoonfuls  of 
wood  tar  in  a  quart  of  warm  water  and  letting  the  mixture  stand 
for  a  few  hours.  Then  the  birds  are  taken  into  a  closed  room,  where 
the  tar  water  is  poured,  a  small  quantity  at  a  time,  on  a  hot  brick 
or  stone  until  the  atmosphere  of  the  room  is  well  charged  with  the  vapor. 

The  disease  is  prevented  by  giving  only  clean  and  bright  straw 
or  chaff  for  the  fowls  to  scratch  in,  by  keeping  the  houses  and  yards 
clean,  and  using  grain  and  meal  for  feed  which  are  sound  and  en- 
tirely free  from  mold.  The  birds  which  are  sick  should  be  removed 
from  the  flock  and  the  bodies  of  those  which  die  should  be  burned 
or  buried.  The  fungus  sometimes  spreads  from  bird  to  bird;  con- 
sequently the  isolation  of  the  sick  and  the  disinfection  of  the  houses 
should  not  be  neglected. 

COCCISIOSIS. 

Coccidiosis  is  a  disease  produced  by  the  small  forms  of  animal  life 
called  "  coccidia."  These  germs  are  widely  distributed  in  nature 
and  frequently  attack  birds  and  the  smaller  mammals,  such  as  rab- 
bits, rats,  and  mice.  They  are  very  destructive  to  young  birds,  as 
will  be  explained   in   describing  the  infectious  diseases  of  young 
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chicks,  but  in  this  place  the  description  will  be  limited  to  the  effects 
of  this  parasite  on  adult  fowls. 

Cansatioii. — Many  different  species  of  birds  are  attacked  by  coccidi- 
osis,  and  it  is  probable  that  the  disease  in  fowls  is  always  the  result 
of  contagion.  Pigeons  are  particularly  liable  to  the  disease,  and  are 
frequently  responsible  for  the  outbreaks  in  the  poultry  yards.  The 
transmission  of  the  contagion  from  diseased  to  healthy  birds  occurs 
by  contamination  of  the  food,  water,  gravel,  and  other  substances 
taken  into  the  digestive  organs.  The  coccidia  multiply  with  great 
rapidity  in  the  intestines  of  diseased  birds,  and  enormous  numbers 
are  discharged  with  the  droppings  and  are  carried  on  the  birds'  feet 
to  the  feed  troughs  and  drinking  fountains  unless  these  are  well  pro- 
tected and  of  such  form  that  they  can  not  be  reached  by  the  feet. 
Under  any  circumstances  they  are  spread  over  the  floor  of  the  houses 
and  the  surface  of  the  runs,  and  many  will  be  picked  up  with  gravel, 
grain,  and  other  substances.  The  germs  are  found  in  the  part  of  the 
small  intestine  nearest  to  the  gizzard,  where  they  cause  inflammation, 
with  redness  and  thickening  of  the  intestinal  wall.  They  are  also  found 
in  the  ceca,  which  are  frequently  thickened  and  distended  with  a 
whitish,  yellowish,  or  greenish  yellow,  pasty  mass.  After  two  or 
three  weeks  the  disease  may  extend  to  the  liver  and  lungs,  where  it 
is  recognized  by  whitish  or  yellowish  spots  or  by  large  cheesy  nodules. 
Geese  are  attacked  by  another  species,  which  causes  nodules  in  the 
kidneys. 

Symptoms. — Adult  fowls  have  considerable  powers  of  resistance  to 
this  parasite,  and  the  disease  with  them  is  more  frequently  seen  in 
a  chronic  form.  The  symptoms  are  dullness,  weakness,  sleepiness, 
diarrhea,  and  loss  of  weight,  although  the  birds  retain  their  appe- 
tites for  a  considerable  time.  In  many  cases  the  only  symptoms  are 
diarrhea,  with  loss  of  weight,  and  after  a  time  apparent  recovery, 
though  the  germs  continue  to  multiply  in  the  intestine  and  to  be 
spread  with  the  droppings  for  several  months  afterwards.  Fowls 
affected  in  this  manner  may  die  suddenly  without  previously  sliowing 
any  serious  symptoms. 

Pigeons  are  affected  with  a  more  acute  type  of  this  disease  in  which 
the  symptoms  appear  only  a  short  time  before  death.  Generally, 
however,  they  are  dull  and  sleepy  for  a  day  or  two,  and  sometimes 
they  have  a  chronic  form,  characterized  by  diarrhea  and  loss  of 
■weight. 

GeeSe  with  coccidiosis  of  the  kidneys  lose  flesh  rapidly,  without 
apparent  cause,  and  become  very  weak  and  almost  unable  to  walk. 
They  remain  quiet  most  of  the  time,  with  belly  resting  upon  the 
ground.  Some  of  them  are  conspicuous  by  lying  on  their  backs  with 
their  feet  widely  separated,  and  if  placed  upon  their  feet  they  take 
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a  few  steps,  fall,  and  resume  the  former  position.  In  all  such  cases  the 
birds  lose  their  appetites  and  continue  to  get  weaker  until  they  die. 

Treatment. — The  most  successful  treatment  has  been  to  put  3  grains 
of  copperas  (sulphate  of  iron)  to  a  quart  or  15  grains  of  catechu 
to  a  gallon  of  the  water  given  the  birds  to  drink.  They  should  also 
be  given  an  occasional  dose  of  calomel  (J  to  1  grain)  or  of  castor  oil 
(2  to  3  teaspoonfuls).  They  may  also  be  given  castor  oil  containing 
5  to  10  drops  of  oil  of  turpentine  with  each  dose. 

As  the  coccidia  are  brought  on  the  premises  with  birds  or  eggs  for 
hatching  obtained  from  infected  flocks  or  by  pigeons  flying  friwn 
place  to  place,  the  necessary  precautions  should  be  observed  to  guard 
against  such  channels  of  infection.  Fowls  and  eggs  should  be  ob- 
tained only  from  flocks  known  to  be  healthy,  and  pigeons  should  be 
excluded  from  the  poultry  yard.. 

This  form  of  contagion  is  very  difficult  to  destroy,  and  tiie  most 
active  disinfectants  should  be  used.  A  mixture  containing  10  per 
cent  of  the  compound  solution  of  otcsoI  is  none  too  strong. 

The  bodies  of  the  birds  which  die  should  be  burned. 

WHITE  COMB  (FAVUS). 

White  comb,  baldness,  or  favus  of  fowls  is  a  contagious  disease  that 
begins  by  the  formation  of  white  or  grayish  spots  on  the  comb,  ear 
lobes,  or  wattles.  These  spots  are  caused  by  the  growth  of  a  fungus 
called  Lophophyton  gaUinoe^  and  they  continue  to  enlarge,  run  to- 
gether, and  become  more  inflamed  until  all  the  skin  of  the  head  and 
neck  is  much  thickened,  roughened,  covered  with  crusts,  and  more  or 
less  bare  of  feathers.  In  extreme  cases  this  inflammation  may  extend 
over  the  skin  of  other  parts  of  the  body,  affecting  the  general  health 
and  causing  weakness,  with,  finally,  exhaustion  and  death. 

Causation. — This  disease  is  transmitted  from  fowl  to  fowl  by  simple 
contact  and  is  easily  transmitted  by  inoculation  from  fowl  to  fowL 
It  is  most  frequently  seen  affecting  common  fowls  and  turkeys,  and 
may  be  communicated  by  inoculation  to  mice  and  rabbits,  but  at- 
tempts to  infect  lambs,  dogs,  rats,  guinea  pigs,  and  pigeons  have 
failed.  It  is  also  easily  inoculated  on  man,  producing  large  red, 
scaly  patches  on  the  skin,  and  such  patches  sometimes  develop  spon- 
taneously, being  no  doubt  duQ  to  contagion  from  affected  fowls. 

The  filaments  of  this  fungus  do  not  penetrate  deeply  into  the  skin, 
but  remain  very  near  to  the  surface,  and  consequently  the  general 
health  does  not  suffer  in  the  early  stages  of  the  disease.  It  is  only 
when  a  large  area  of  skin  is  affected  that  there  are  symptoms,  such 
as  diminution  of  appetite,  loss  of  weight,  and  great  wealcness,  which 
indicate  the  absorption  of  poisonous  products.  Young  birds  are 
believed  to  be  more  susceptible  than  older  ones,  and  some  breeds 
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appear  to  inherit  a  predisposition  to  this  disease,  but  no  age  or  breed 
is  entirely  exempt  from  it. 

Symptoms. — Favus  generally  begins  on  the  bare  parts  of  the  head 
as  small  white  or  grayish  spots,  round  or  irregular  in  form,  which 
increase  in  number  and  size  and  join  together  until  the  whole  surface 
is  covered.  The  affected  spots  are  covered  with  dry,  scaly,  dirty- white 
crusts  with  an  irregular  surface,  and  have  an  appearance  of  being 
formed  of  concentric  deposits.  Removing  the  deposit  the  skin  be- 
neath is  seen  to  be  slightly  inflamed  and  abraded.  Often  the  circular 
spots  enlarge  regularly  and  are  covered  by  layers  of  scales  thicker 
at  the  periphery  than  at  the  center,  which  gives  them  a  peculiar  cup- 
shaped  appearance.  As  the  disease  advances  the  skin  becomes  thicker, 
imtil  in  the  course  of  a  month  it  may  reach  one-third  of  an  inch  and 
considerably  change  the  appearance  of  the  head.  The  neck  and  body 
are  gradually  invaded,  the  feathers  become  brittle  and  break  off,  lea v- 
ing  a  deep  depression  iii  the  center  of  a  cup-shaped  disk.  Occasionally 
the  disease  is  inoculated  into  the  feathered  parts  of  the  skin  and  begins 
there  instead  of  on  the  bare  parts  of  the  head,  but  this  is  exceptional. 

The  disease  when  limited  to  the  comb  and  wattles  may  disappear 
without  treatment,  but  after  it  has  invaded  the  feathered  parts  it 
almost  invariably  continues  to  advance,  and  the  birds  grow  weaker 
until  they  die  from  this  or  some  other  disease  to  which  their  debili- 
tated condition  has  made  them  abnormally  susceptible. 

Treatment. — When  only  the  bare  parts  of  the  head  are  affected  the 
disease  may  be  cured  by  applying  tincture  of  iodin  to  the  diseased 
spots.  Some  recommend  an  ointment  of  calomel  1  part,  vaseline  8 
parts;  others  prefer  a  mixture  of  soft  soap  20  parts,  carbolic  acid  1 
part,  to  be  well  mixed  and  applied  daily.  An  ointment  of  red  oxid 
of  mercury  1  part,  vaseline  8  parts,  is  also  used,  as  well  as  olive  oil 
containing  1  per  cent  of  carbolic  or  cresylic  acid. 

It  is  essential  that  the  affected  bird  should  be  separated  from  the 
flock,  put  in  a  dry,  clean  place,  and  given  good  nourishing  food.  If 
the  feathered  parts  of  the  body  are  affected,  it  is  better  to  kill  the 
bird,  as  the  treatment  would  be  long  and  expensive  and  there  would 
be  danger  of  the  disease  spreading. 

The  disease  should  be  prevented  by  excluding  all  affected  bkds,  by 
burning  the  bodies  of  those  which  die  or  are  killed,  and  by  disin- 
fecting the  houses  where  diseased  birds  have  been. 

*^GOIirO  UGHT"  (LOSS  OP  WEIGHT). 

"  Going  light "  is  a  tenn  applied  to  fowls  which  persistently  lose 
weight,  become  emaciated,  anemic,  weak,  and  unproductive.  Some- 
times it  is  only  one  or  two  birds  that  are  so  affected,  but  frequently  it 
is  a  large  part  of  the  flock.    Fowls  "  go  light "  from  different  causes ; 

530 


Digitized  by 


Google 


26  IMPOKTAXT  POULTRY  DISEASES. 

sometimes  it  is  the  result  of  being  severely  infested  with  lice  and 
mites;  at  other  times  it  is  due  to  intestinal  worms;  and  at  still  other 
times  to  chronic  forms  of  infection  with  aspergillosis,  coccidiosis, 
tuberculosis,  or  cholera.  IVhen,  therefore,  the  fowls  are  not  thriving, 
and  when  lifted  appear  to  weigh  little  more  than  should  the  feathers 
with  which  they  are  covered,  an  investigation  should  be  made  to 
determine  the  cause.  This  should  begin  with  the  food  supply  and  it 
should  be  ascertained  whether  the  birds  have  been  receiving  a  suffi- 
cient quantity  of  sound  and  nutritious  food.  Then  the  birds  and  the 
houses  should  be  carefully  examined  for  lice  and  mites.  Separate  the 
feathers  under  the  wings,  about  the  vent,  and  over  the  rump,  and 
look  carefully  for  these  parasites.  Then  examine  the  houses,  take  out 
the  roosts  and  examine  these  carefully,  especially  on  the  undersides 
and  at  the  ends;  also  the  woodwork  on  which  the  roosts  were  sup- 
ported. If  no  defect  is  found  in  the  rations,  and  the  birds  and  houses 
ere  free  from  lice  and  mites,  kill  one  of  the  lightest  birds  and  care- 
fully open  the  intestines  for  their  entire  length  to  learn  if  the  birds 
are  harboring  a  sufficient  number  of  intestinal  worms  to  account  for 
their  ccwidition.  A  few  worms  would  not  have  such  a  pernicious  ef- 
fect ;  but  if  there  are  many  they  would  certainly  be  partly,  and  prob- 
ably would  be  entirely,  responsible  for  the  emaciation.  If  the  fowl 
Ig  found  to  have  few,  if  any,  parasitic  worms,  the  cause  of  the  trouble 
is  probably  a  chronic  infection  with  one  of  the  microbes  mentioned 
above. 

The  treatment  of  this  condition  will  obviously  depend  upon  its 
cause.  If  it  is  found  to  be  due  to  insufficient  food  or  food  of  bad 
quality,  a  proper  ration  must  be  provided.  If  it  is  due  to  lice  and 
mites  or  to  intestinal  worms,  these  parasites  must  be  combated  by  tlie 
measures  elsewhere  enumerated.  If  it  revsults  from  chronic  microbiaa 
infection,  an  effort  should  be  made  to  overcome  this  by  thorough 
cleaning  and  disinfection  of  the  houses,  by  feeding  sour  milk  or 
buttermilk  with  the  ration,  and  by  giving  an  occasional  purgative, 
such  as  Epsom  salts  or  castor  oil.  In  any  event  the  food  must  be 
abundant,  the  fowls  must  have  plenty  of  exercise,  and  the  houses  must 
be  kept  in  a  dry  and  sanitary  condition. 

IKFECnOirS  DISEASES  OF  TOUirfi  CHICKS. 

Young  chicks  are  particularly  susceptible  to  the  attacks  of  tlie 
various  microbes  which  cause  disease  in  adult  fowls,  and  the  condi- 
tions of  infection,  the  symptoms,  and  the  preventive  measures  to  be 
adopted  vary  to  such  an  extent  that  they  must  be  given  special  con- 
sideration. 

WHITE  PIABBHEA. 

This  is  a  condition  which  has  as  its  most  prominent  symptcmi  more 
or  less  profuse  diarrhea,  the  droppings  consisting  almost  entirriy  of 
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mucus  from  the  intestinal  tube  and  the  white  secretion  of  the  kid- 
neys. The  diarrhea  results  from  irritation  of  the  intestines  and  the 
increased  secretion  of  mucus,  while  the  large  quantity  of  white  mate- 
rial secreted  by  the  kidneys  is  due  to  fever  and  rapid  breaking  down 
of  the  elements  of  the  tissues.  This  condition  is  most  frequently 
seen  with  incubator  chicks,  but  is  also  common  with  those  which  are 
hatched  under  hens. 

Causation. — It  has  been  found  by  investigation  that  tiie  white 
diarrhea  of  young  chicks  is  caused  by  at  least  four  different  kinds  of 
infecticHi,  and  each  of  these  needs  to  be  studied  separately.  All  of 
these  microbes  also  infect  adult  fowls  and  are  generally  communi- 
cated directly  or  indirectly  from  these  to  the  chicks. 

The  most  common  cause  of  the  disease  is  a  bacillus  called  Bacte- 
rium p\dlor\nn.  This  often  infects  hens  and  also  the  eggs  which  they 
lay.  Such  ^gs  produce  cliicks  which  have  the  germs  of  the  disease 
within  them  when  they  are  hatched,  and  these  chicks  show  symptoms 
within  the  first  few  days  of  their  lives.  The  contagion  may  also  be 
communicated  from  chick  to  chick  by  means  of  the  microbes  scattered 
with  the  droppings,  which  contaminate  the  food  and  drink,,  and  cause 
the  appearance  of  the  symptoms  when  the  birds  are  from  1  to  2  weeks 
old.  The  chicks  are  most  susceptible  to  infection  during  tlie  first  24 
hours  of  their  lives,  are  more  resistant  during  the  second  and  third 
days,  and  are  practically  insusceptible  after  the  fourth  day.  Those 
tJiat  sicken  later  must  have  taken  the  microbes  into  their  bodies  before 
they  reached  that  age.  Incubators  and  brooders,  as  well  as  coops, 
become  infected  and  preserve  the  contagion  indefinitely.  Adult  fowls 
are  resistant  to  this  microbe  and  do  not  show  any  symptoms  even 
when  they  are  laying  infected  eggs. 

The  cholera  bacillus  may  also  be  carried  by  laying  hens  and  infect 
the  ^g  before  it  is  laid.  The  young  chicks  hatched  from  such  eggs 
soon  show  symptoms  of  disease  and  communicate  the  contagion  to 
others  at  all  ages. 

The  coccidia  which  cause  a  chronic  disease  in  adult  fowls  may  also 
infect  the  eggs  and  cause  disease  with  similar  symptoms  in  the  chicks. 

The  aspei^Uus  fungus  is  the  fourth  cause  of  white  diarrhea.  It 
occasionally  is  included  in  the  egg  when  it  is  laid,  but  it  may  also 
penetrate  the  shell  when  eggs  are  packed  in  moldy  chaff,  straw,  or 
grain,  or  allowed  to  get  damp. 

All  of  these  microbes  may  also  be  carried  on  the  outside  of  the 
AeU,  and  may  infect  nest  boxes,  incubators,  brooders,  and  yai-ds 
where  diseased  chickens  have  been. 

fl^ptoins. — The  symptoms  of  white  diarrhea  are  seen  in  young 
(Clicks  which  are  from  a  day  or  two  to  3  or  4  weeks  old.  In  the  most 
acute  fonn  they  may  die  suddenly  after  having  shown  but  slight 
symptoms  for  a  short  time.    Generally,  however,  there  is  first  ob- 
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sw'ved  a  disposition  to  huddle  together  and  to  remain  under  the 
hover  or  under  the  hen  more  than  young  chicks  should.  Very  soon 
they  appear  listless,  indiflFerent  to  what  is  going  on  about  them, 
stupid,  and  sleepy.  They  stand  in  one  position  or  sit  still  with  the 
eyes  closed,  and  the  few  efforts  which  they  make  to  pick  up  food 
appear  mechanical  and  unsuccessful.  Their  plumage  loses  its  luster, 
the  wings  droop  or  project  slightly  from  the  body,  and  the  charac- 
teristic diarrhea  soon  appears.  The  droppmgs  which  are  voided 
may  be  white  and  creamy,  mucilaginous  and  glairy,  or  they  may  be 
mixed  with  a  brownish  material.  Often  the  sticky  excrement  ad- 
heres to  the  downy  feathers  about  the  vent,  dries,  and  continues  to 
accumulate  until  it  completely  covers  and  plugs  this  opening.  This 
condition,  known  as  "  pasting  up  behind,"  will,  unless  soon  relieved, 
bring  about  the  early  death  of  the  chick. 

Many  of  the  diseased  chicks  chirp  or  peep  almost  constantly,  and 
when  attempting  to  void  the  excrement  they  may  give  utterance  to  a 
shrill  cry,  as  if  the  effort  brought  on  paroxysms  of  pain.  As  death 
approaches  the  breathing  becomes  labored,  and  the  abdomen  heaves 
with  each  breath.  Often  the  disease  is  of  a  more  chronic  type  and 
has  a  longer  course.  The  young  birds  with  diarrhea  gradually  waste 
away,  become  weaker  and  more  emaciated  until  their  legs  are  scarcely 
able  to  support  their  bodies.  They  try  to  brace  themselves  by  stand- 
ing with  the  legs  apart  or  they  rest  against  a  wall  or  other  object  for 
support.  Many  of  them  have  the  peculiar  form  of  body  called 
''  short  backed,"  which  results  from  the  distention  of  the  abdomea 
and  its  projection  backward,  which  makes  the  bade  appear  too  short 
for  the  body.  Toward  the  last  the  strength  is  completely  exhausted, 
and  the  chick  sits  constantly  or  lies  on  the  side  with  outstretched 
wings  until  it  dies. 

The  most  prominent  and  characteristic  symptoms  in  nearly  all 
cases  are  the  white  diarrheal  discharges  and  the  rapid  wasting  away 
of  the  affected  birds.  The  losses  vary  from  50  to  80  per  cent  of  the 
chicks  hatched.     Sometimes  it  is  impossible  to  raise  any  of  them. 

Treatment. — The  medical  treatment  of  affected  chicks  is  impracti- 
cable, as  it  is  too  expensive  and  has  very  little  effect  on  the  course  of 
the  disease.  The  birds  riiay  be  given  sour  milk  or  buttermilk  to 
drink,  or,  lacking  this,  15  grains  of  powdered  catechu  may  be  added 
to  the  gallon  of  drinking  water. 

The  preventive  measures  should  begin  with  the  eggs  used  for 
hatching.  If  these  are  purchased  they  should  only  be  accepted  from 
flocks  known  to  be  healthy,  and  the  eggs  of  which  give  rise  to 
healthy  chicks.  If  this  assurance  can  not  be  obtained,  it  is  better  to 
produce  the  eggs  needed  for  hatching  on  the  home  farm  and  from 
hens  that  are  known  to  be  free  from  infection. 
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Having  obtained  the  eggs,  they  should  be  kept  until  ready  for 
incubation  in  a  dry,  moderately  cool  place,  so  spread  out  that  the 
air  can  circulate  over  them  and  carry  away  the  moisture  which  they 
exhale.  They  should  not  be  placed  in  hay,  straw,  chaff,  or  other  sub- 
stance liable  to  become  musty  or  moldy.  Before  putting  them  into 
the  incubator  or  under  the  hen  they  should  be  wiped  with  a  cloth  wet 
in  grain  alcohol  of  70  to  80  per  cent  strength  to  remove  any  germs 
that  might  be  on  the  surface  of  the  shell.  The  hens  used  for  hatching 
^ould  be  free  from  all  infection  and  the  incubator  should  be  thor- 
ou^ly  cleaned.  If  there  have  been  any  sick  chicks  in  it,  it  should 
be  disinfected  by  washing  with  compound  solution  of  cresol  (5  per 
cent  solution).  The  same  precautions  should  be  adopted  in  regard 
to  the  brooder. 

If  the  hatching  is  done  by  a  hen  the  brood  should  be  put  upon 
fresh  ground,  and  any  chicks  which  sicken  should  be  immediately 
removed  and  isolated  or  killed.  By  removing  frequently  to  fresh 
ground  or  by  frequent  disinfection  the  disease  may  sometimes  be 
limited  to  a  few  individuals. 

If  the  hatching  is  done  in  an  incubator  and  there  is  reason  to  sus- 
pect that  the  disease  may  develop,  it  is  well  to  divide  the  trays  and 
the  brooders  by  light  partitions  so  that  not  more  than  4  or  G  chicks 
will  be  in  one  lot  and"exposed  to  each  other.  If  white  diarrhea  ap- 
pears in  any  of  these  lots,  such  lots  may  be  removed  and  the  places 
which  they  have  occupied  may  be  disinfected.  After  four  or  five 
days  the  partitions  may  be  removed  and  the  healthy  lots  of  chicks 
put  together.  In  this  way  the  greater  part  of  the  chicks  are  pro- 
tected against  the  most  common  form  of  the  disease. 

BBOODER  PNEUMONIA. 

This  is  an  inflammation  of  the  lungs  caused  by  the  gi'owth  of  the 
aspergillus  fungus  in  the  smaller  air  tubes  and  in  the  lung  tissue. 
It  is  believed  that  it  may  occur  from  infection  carried  within  the 
egg.  Whether  this  infection  is  derived  from  the  hen  or  from  the 
material  in  which  the  eggs  have  been  packed  is  not  definitely  known, 
but  the  latter  method  of  infection  is  the  more  probable.  The  fact 
of  the  lungs  being  the  principal  seat  of  the  infection  indicates  that 
the  spores  in  most  cases  are  inhaled  with  the  breath  and  germinate 
at  or  near  the  points  where  they  are  deposited.  Tlie  inference  from 
this  method  of  infection  would  be  that  the  incubators  or  brooders, 
or  both,  had  been  allowed  to  get  filthy  and  moldy,  and  that  the  at- 
mosphere in  these  was  filled  with  aspergillus  spores. 

The  symptoms  are  very  similar  to  those  described  as  present  in 
white  diarrhea,  but  the  breathing  is  more  rapid  and  difficult  and  is 
sometimes  accompanied  by  sounds  due  to  obstruction  of  the  air  tubes. 
The  disease  is  not  generally  distinguished  from  white  diarrhea,  as 
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this  symptom  (white  diarrheal  discharges)  is  usually  present  in  the 
lung  disease  as  well  as  in  the  intestinal  infection. 

The  sick  chickens  can  not  be  cured,  and  therefore  all  the  efforts 
must  be  directed  toward  prevention.  The  measures  mentioned  io€ 
the  prevention  of  white  diarrhea  are  applicable  to  brooder  pneu- 
monia, but  if  the  disease  has  once  occurred  among  the  chicks  espe- 
cial care  must  be  given  to  the  cleaning,  disinfection,  and  drying  of 
the  incubators  and  brooders  before  they  are  again  used.  It  is  prob- 
able that  this  disease  is  generally  due  to  failure  to  maintain  a  proper 
degree  of  cleanliness. 

GAPES. 

Gapes  is  a  disease  of  chickens  which  develops  during  the  first  few 
weeks  of  their  lives  and  is  made  evident  by  frequent  gaping.  It  is 
caused  by  a  parasitic  worm  {Syngamus  trachealis)  which  attaches 
itself  to  the  internal  surface  of  the  windpipe,  sucks  blood  from  the 
mucous  membrane,  and  obstructs  the  passage  to  such  an  extent  as 
to  interfere  seriously  with  the  breathing.  The  insufficient  supply  of 
air,  the  loss  of  blood,  and  the  diminished  activity  in  looking  for  food 
lead  to  a  weak  and  bloodless  condition  and  often  to  death  from  over- 
crowding or  exposure  that  a  well  chick  would  be  able  to  resist  without 
injury.  Sometimes  so  many  worms  accumulate  in  the  windpipe  that 
breathing  becomes  impossible  and  the  chick  dies  from  suffocation. 

Causation. — The  worm  which  causes  this  disease  is  sometimes  called 
the  red  worm  or  the  forked  worm  because  of  its  color  and  of  the  fact 
that  the  male  and  female  are  so  firmly  grown  together  that  they  can 
not  be  separated  without  tearing  the  tissues.  The  two  worms  united 
in  this  manner  appear  at  iBrst  sight  like  a  single  worm  with  two 
necks  and  two  heads.  The  female  is  a  little  more  than  one-half  inch 
in  length  and  the  male  one-fifth  inch.  The  heads  of  both  are  attached 
to  the  mucous  membrane,  irritating  it  to  such  a  degree  that  there 
is  an  increased  secretion  of  mucus,  which  collects  and  increases  the 
difficulty  of  breathing. 

A  largo  number  of  eggs  develop  in  the  female  worm  while  in  the 
windpipe,  and  these  are  either  thrown  out  by  the  chick  while  sneezing 
or  they  are  swallowed,  pass  through  the  stomach  and  intestines  un- 
harmed, and  are  scattered  with  the  droppings.  These  eggs  adhere 
to  the  food  or  get  into  the  drinking  water  and  thus  infect  other 
chicks  and  keep  up  the  disease  indefinitely.  Often  the  red  worms 
are  coughed  up,  but  they  are  inmiediately  seized  and  swallowed  by 
some  of  the  chicks,  and  in  this  manner  also  the  disease  is  spread. 

The  eggs  of  this  worm  live  a  long  time  in  the  soil  and  are  sometimes 
taken  into  the  digestive  tube  of  earth  worms.  In  badly  infested 
ground  a  considerable  proportion  of  the  earthworms  may,  if  eaten, 
be  capable  of  causing  the  disease  in  chicks. 
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These  facts  explain  why  ground  upon  which  chickens  are  raised 
year  after  year  becomes  so  badly  infested,  and  how  the  infection  is 
carried  over  from  one  year  to  the  next.  It  seems  that  the  worms  may 
also  be  carried  by  grown  fowls  and  by  some  wild  birds  and  that  this 
is  another  means  for  their  preservation. 

When  the  eggs  of  this  worm  are  taken  into  the  stomach  of  the 
chicks  the  young  worms  are  soon  liberated  and  find  their  way  in 
a  few  days  to  the  windpipe,  where  they  may  be  seen  already  attached 
within  a  week. 

Symptoms! — ^The  symptoms  of  gapes  are  most  frequently  observed 
in  chicks  from  10  days  to  4  weeks  old.  The  affected  birds  cough  or 
sneeze  with  an  abrupt,  whistling  sound  and  a  more  or  less  labored 
effort.  Very  soon  they  begin  to  gape,  extending  the  neck  and  opening 
the  beak,  thus  indicating  that  they  are  not  getting  a  sufficient  supply 
of  air.  During  the  first  few  days  the  appetite  is  ravenous,  but  in 
spite  of  the  quantity  of  food  eaten  the  birds  become  weak,  anemic, 
and  emaciated.  Later  there  is  little  appetite,  the  affected  birds  are 
dull,  have  difficulty  in  keeping  with  their  companions,  and  as  the 
disease  advances  their  wings  droop  and  they  stand  with  closed  eyes 
and  head  drawn  back  into  the  body.  Frequently  the  head  is  thrown 
forward  and  they  gape  or  give  it  a  convulsive  shake  in  order  to  loosen 
the  obstruction  in  the  windpipe  and  permit  the  entrance  of  air.  In 
this  condition  they  are  liable  to  die  suddenly  frcnn  suffocation,  from 
exhaustion,  or  from  being  trampled  by  their  fellows  at  night. 

The  most  vigorous  and  the  older  birds  show  only  mild  symptoms 
or  none  at  all.  They  may  gape  occasionally,  but  their  appetites  re- 
main good  and  they  continue  to  grow.  However,  as  the  soil  becomes 
more  and  more  intensely  infested  the  proportion  of  the  chickens 
which  are  able  to  re^st  the  attacks  of  these  parasites  becomes  less,  until 
finally  it  may  be  almost  impossible  to  raise  either  chickens  or  turkeys. 

Treatment. — ^Reliance  must  be  placed  upon  prevention  rather  tlian 
cure,  because  a  chicken  2  to  3  weeks  old  has  not  sufficient  value  to 
warrant  the  expenditure  of  much  time  or  medicine  in  its  treatment. 

Sometimes  it  is  found  advisable  to  extract  the  worms  or  to  inject 
some  liquid  into  the  windpipe  which  will  kill  them.  Extractors 
are  made  in  various  ways.  Generally  a  small  quill  feather  is  stripped 
of  all  of  its  web  except  a  small  tuft  at  the  end,  and  this  is  used 
either  dry  or  moistened  with  kerosene  or  oil  of  turpentine.  A  fairly 
good  extractor  may  be  made  by  taking  a  hair  from  a  horse's  tail, 
bending  it  in  the  middle,  and  twisting  the  two  ends  together  so  as  to 
form  a  loop;  or  a  similar  loop  may  be  made  by  cutting  the  hair, 
laying  the  two  pieces  side  by  side,  tying  a  knot  near  the  end,  trim- 
ming the  short  ends  close  to  the  knot,  and  twisting  the  long  ends 
together.    These  homemade  extractors  have  been  imitated  in  the 
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32  IMPORTANT  POULTBY  DISEASES. 

poultry-supply  trade  by  doubling  and  twisting  a  small  flexible  wii-o 
which  carries  a  few  moderately  stiff  hairs  to  scrape  off  the  worms. 

These  extractors  are  all  used  in  the  same  manner.  The  chicken-^: 
beak  is  forced  open  with  the  thumb  and  fingers  of  the  left  hand, 
while  the  extractor  is  held  in  the  right  hand.  When  the  glottis, 
which  is  a  small  aperture  at  the  root  of  the  tongue,  is  opened  for 
breathing,  the  extractor  is  carefully  inserted  and  pressed  downward 
into  the  windpipe.  The  neck  should  be  kept  extended  in  a  straight 
line,  so  that  the  extractor  will  enter  freely  and  not  injure  the  delicate 
walls  of  the  windpipe.  At  the  first  insertion  the  loop  or  brush  should 
not  pass  more  than  an  inch  below  the  glottis;  then  it  should  be  given 
two  or  three  turns  between  the  thumb  and  finger  and  withdrawn. 
If  any  worms  adhere  to  it,  these  should  be  dropped  into  a  basin  of 
hot  water  or  kept  and  burned.  The  extractor  may  now  be  inserted 
a  little  deeper,  and  so  on  until  it  reaches  nearly  the  full  length  of  the 
neck.  If  the  slightest  resistance  is  felt  to  the  entrance  of  the  ex- 
tractor, it  should  not  be  pressed  upon  or  inserted  any  farther.  In  all 
cases  the  extractor  must  be  quickly  withdrawn  to  aAoid  suffocating 
or  otherwise  injuring  the  chicken.  Often  8  or  10  worms  may  be 
removed  in  this  manner,  and  if  the  treatment  has  not  been  so  rough 
as  to  cause  injury  the  symptoms  will  be  very  much  improved. 

Recently  good  results  have  been  reported  from  medicating  drinking 
w  ater  with  15  grains  of  salicylic  acid  or  3  drams  of  salicylate  of  soda 
to  the  quart  of  water,  and  in  Germany  the  disease  is  said  to  be  sucr 
eessfully  treated  by  introducing  a  small  soft-rubber  tube  into  the 
windpipe,  in  the  same  manner  as  described  for  an  extractor,  and  in- 
jecting 3  to  10  drops  of  a  5  per  cent  solution  of  salicylate  of  soda. 

The  best  method  of  prevention  is  to  put  the  chicks,  when  hatched, 
on  fresh  ground ;  to  remove,  place  in  a  separate  coop,  and  treat  any 
that  show  symptoms,  and  to  plow^  and  seed  down  the  old,  infected 
runs,  not  pennitting  chickens  to  go  upon  them  for  two  or  three  years. 

WOBMS. 

Sometimes  the  fowls  of  a  flock  become  badly  infested  with  worms, 
whicli  live  in  the  crop,  stomach,  and  intestines  and  either  cause  serious 
disease  or  affect  the  nutrition,  so  that  the  birds  become  weak,  blood- 
less, and  unproductive.  The  nature  of  the  condition  is  determined 
by  examining  the  birds  that  die,  or  by  killing  one  that  is  very  thin 
and  weak.  The  intestines,  the  stomach,  and  the  crop  should  be 
opened  and  their  contents  carefully  examined.  If  a  considerable 
number  of  roundworms  or  tapeworms  are  found,  the  remainder  of 
the  flock  should  receive  appropriate  treatment. 

Treatment. — The  remedies  whicli  are  used  to  dislodge  these  para- 
sites should  be  given  when  the  birds  are  fasting.    They  should  have 
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IMPORTANT   POULTRY  DISEASES.  33: 

a  light  feed  at  night  and  should  be  given  the  medicine  the  following 
morning.  Two  or  three  hours  after  giving  the  medicine  they  should 
have  a  purgative,  which  may  be  Epsom  salts,  40  grains  for  each 
adult  bird  thoroughly  mixed  with  a  small  quantity  of  moist  mash 
and  so  distributed  that  each  bird  will  get  its  share,  or  they  may  be 
given  2  to  3  teaspoonfuls  of  castor  oil.  An  hour  later  a  light  ration 
may  be  given. 

One  of  the  best  remedies  is  oil  of  turpentine,  which  may  be  mixed 
with  an  equal  quantity  of  olive  oil  and  20  to  30  drops  of  the  mixture 
given  at  a  dose.  This  is  followed  in  two  hours  with  2  to  3  teaspoon- 
fuls  of  castor  oil. 

Thymol  is  especially  active  in  the  case  of  roundworms,  and  1  grain 
of  it  may  be  made  into  a  pill  with  a  little  bread  and  butter  and  given 
to  each  fowl.  It  should  be  followed  by  a  purge,  as  in  the  case  of 
other  remedies.  Santonica  or  worm  seed  in  doses  of  7  or  8  grains 
is  also  successfully  used  to  combat  tliis  class  of  worms. 

The  remedies  which  are  particularly  efficacious  for  tapeworms  are 
powdered  areca  nut,  30  to  45  grains;  powdered  male  fern,  30  to  60 
grains ;  kemala,  30  to  40  grains  for  each  fowl.  These  are  followed  by 
EpscHn  salts,  castor  oil,  or  calomel  (one-third  grain).  Areca  nut, 
male  fern,  and  kamala  may  produce  bad  effects  in  turkeys  and  geese, 
and  must  be  given  to  these  birds  in  comparatively  small  doses. 

Preventive  treatment  must  be  carried  out  at  the  same  time  as  the 
medical  treatment  or  the  birds  will  be  immediately  reinfested  by 
eggs  or  embryos  of  worms  taken  with  the  food  or  drink.  Ponds  or 
puddles  of  stagnant  water  should  be  drained  or  filled  with  earth; 
houses  and  runs  (if  small)  should  be  cleaned  and  disinfected  with  5 
per  cent  cresol  solution ;  feeding  troughs  and  drinking  vessels  should 
be  cleaned  daily  and  disinfected  with  the  same  cresol  solution  or  with 
boiling  water;  the  manure  should  be  collected  daily,  mixed  with  an 
equal  quantity  of  freshly  slaked  lime,  and  put  where  the  fowls  will 
not  have  access  to  it. 

It  is  considered  preferable  by  some  poultrymen,  in  the  case  of  a 
badly  infested  flock,  to  kill  off  all  the  birds  and  begin  a  new  flock  on 
fresh  ground  with  chickens  hatched  in  incubators  or  with  fowls  from 
a  flock  known  to  be  healthy. 

KAHOE  (SCABIES). 

Fowls  and  pigeons  are  affected  by  scabies,  but  the  disease  is  not 
communicated  from  pigeons  to  fowls,  nor  vice  versa,  as  the  parasitic 
mites  are  not  identical. 

Causation. — ^The  mites  which  cause  the  disease  are  introduced  into 
the  poultry  yard  by  affected  fowls,  and  they  spread  rapidly  from 
fowl  to  fowl  until  nearly  or  quite  all  of  the  birds  are  affected.    The 
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34  IMPOBTANT  POULTBY  DISEASES. 

mite  lives  at  the  base  of  the  feathers,  where  it  bites  the  skin  and 
causes  intense  itching. 

Symptoms. — This  form  of  mange  is  often  called  depliuning  scabies 
on  account  of  the  rapid  destruction  of  the  feathers.  It  generally 
begins  in  the  spring,  is  most  active  during  the  warm  weather,  and 
disappears  in  winter.  The  most  prominent  symptom  is  a  loss  of 
feathers  from  spots  of  various  sizes  on  different  parts  of  the  body. 
It  usually  begins  on  the  rump  and  spreads  rapidly  to  the  back,  thighs, 
breast,  neck,  and  head.  As  the  mites  progress  from  the  starting 
point  over  the  surface  of  the  body  their  advance  is  indicated  by  the 
falling  of  the  feathers,  until  finally  the  fowl  becomes  nearly  naked, 
the  large  feathers  of  the  tail  and  wings  being  all  that  remain. 

The  skin  which  is  bared  in  this  manner  is  smooth,  soft,  and  little 
if  any  changed  by  the  disease.  However,  if  the  stumps  of  the 
feathers  are  examined  soon  after  the  breaking  of  the  quill  they  are 
found  surrounded  by  scales  and  crusts,  and  by  pulling  out  the  ad- 
joining feathers  they  are  seen  to  be  similarly  affected. 

The  irritation  produced  by  this  mite  leads  the  fowls  to  pull  out 
their  feathers,  and  they  often  acquire  the  habit  of  feather  pulling, 
attacking  the  plumage  of  other  birds  as  well  as  their  own.  Deplum- 
ing scabies  is  often  mistaken  for  the  vice  of  feather  pulling  or  for 
irregular  molting.  Usually  the  general  health  of  the  affected  birds 
does  not  suffer  greatly,  but  if  the  disease  is  allowed  to  continue  un- 
treated some  of  the  hens  lose  flesh  and  become  unproductive,  while 
the  males  may  show  great  weakness  and  anemia. 

Treatment. — Apply  to  the  affected  spots  of  tlie  skin  and  for  some 
distance  around  them  an  ointment  made  by  thoroughly  mixing  1 
part  of  flowei*s  of  sulphur  with  4  parts  of  vaseline  or  lard,  or  1  part 
of  carbolic  acid  with  50  parts  of  vaseline.  A  convenient  liquid  prepa- 
ration is  made  by  mixing  Peruvian  balsam  1  oujice,  alcohol  3  ounces. 
One  of  these  preparations  should  be  selected  and  applied  at  least 
twice  with  an  interval  of  about  a  week.  A  good  lice  powder  should 
be  applied  to  all  of  the  fowls  a  day  or  two  before  beginning  the  other 
treatment,  and  at  the  same  time  that  the  latter  is  applied  the  houses 
should  be  thoroughly  cleaned  and  disinfected. 

SCALY  LEO,  HAVOE  OF  TEE  LEO. 

This  condition  is  caused  by  a  mite  of  another  species  from  that 
which  causes  mange  of  the  body.  It  affects  fowls,  turkeys,  pheasants, 
and  cage  bir(Js.  While  usually  it  does  not  affect  the  general  health 
of  the  birds,  it  gives  them  a  very  unsightly  appearance  and  is  an 
indication  of  neglect  and  bad  management  on  the  part  of  the  owner. 
The  disease  occurs  only  by  contagion  from  other  birds;  it  spreads 
very  slowly,  and  many  individuals  escape  it  entirely,  although  con- 
stantly exposed  to  it. 
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Symptoms. — ^The  disease  is  easily  recognized  by  the  enlargement  of 
the  feet  and  leg5  and  the  rough,  appearance  of  the  surface  caused 
by  the  loosening  and  raising  of  the  scales  on  the  legs  and  the  uppei* 
surface  of  the  feet.  This  parasite  begins  its  attack  in  the  clefts  be- 
tween the  toes  and  gradually  spreads  forward  and  upward  until  the 
whole  of  the  foot  and  shank  becomes  affected.  The  two  legs  are 
usually  attacked  at  the  same  time  and  about  to  the  same  degree.  At 
first  there  is  seen  only  a  slight  roughening  of  the  surface,  but  the 
continued  irritation  by  the  mite  causes  the  formation  of  a  spongy 
or  powdery  substance  beneath  the  scales  which  raises  them  more  and 
more,  until  they  are  nearly  perpendicular  with  the  surface  and  are 
easily  detached.  In  the  most  severe  cases  the  joints  become  inflamed, 
the  birds  are  lame  and  scarcely  able  to  walk,  a  joint  or  an  entire  toe 
may  be  lost,  and  the  birds,  unable  to  search  for  food,  lose  flesh  and 
die  from  himger  and  exhaustion. 

Treatment. — ^Wash  and  brush  the  legs  with  soap  and  warm  water, 
removing  the  loose  scales  that  come  off  without  causing  bleeding. 
Dry  the  legs  and  apply  a  coating  of  balsam  of  Peru  or  an  ointment 
containing  2  per  cent  of  carbolic  acid.  A  remedy  highly  recom- 
mended is  made  by  mixing  1  part  of  oil  of  caraway  with  5  parts  of 
vaseline.  When  large  numbers  of  fowls  are  to  be  treated,  some 
poultrymen  make  a  mixture  of  one-half  pint  kerosene  and  1  pint  raw 
linseed  oil  in  a  quart  can,  take  this  to  the  poultry  house  at  night,  and 
dip  both  legs  of  each  affected  bird  into  the  mixture,  allowing  them 
to  drip  into  the  can  for  a  minute  after  removal,  and  then  replacing 
Ml  the  roost.  The  feathers  of  the  leg  must  not  be  wet,  as  this  causes 
irritation  and  sometimes  bums  the  skin.  The  treatment  should  be 
repeated  in  three  or  four  days. 

CEOF  BOnm),  IHFACTEI)  CEOF. 

This  is  an  overdistended  and  paralyzed  condition  of  the  crop, 
generally  caused  by  overeating  or  by  swallowing  coarse  and  indiges- 
tible substances,  such  as  feathers.  In  cholera  the  crop  is  paralyzed 
as  a  result  of  the  disease. 

Symptoms. — The  first  symptom  is  a  loss  of  appetite  or  an  effort  of 
the  bird  to  swallow  without  being  able  to  do  so.  The  crop  is  seen 
to  be  very  large  and  much  distended  with  contents  which  are  more  or 
less  firmly  packed  together.  If  permitted  to  continue,  the  condition 
becomes  aggravated,  the  breathing  difficult,  and  death  may  result. 

Treatment. — The  contents  of  the  crop  may  sometimes  be  removed 
by  forcing  the  bird  to  swallow  a  teaspoonful  or  more  of  sweet  oil, 
then  massaging  the  lower  part  of  the  gullet,  if  it  contains  food,  or,  if 
not,  the  part  of  the  crop  nearest  to  the  gullet,  until  a  part  of  the  con- 
tents are  softened  and  may  be  pressed  toward  the  head.  This  is  made 
easier  by  holding  the  bird  head  downward.    By  continued  manipula- 
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tion  the  greater  paii:  of  the  material  may  be  removed.  The  bird 
should  not  be  permitted  to  eat  for  several  hours  after  it  is  relieved. 

If  this  plan  of  treatment  is  not  successful,  the  crop  must  be  opened 
with  a  sharp  knife  and  the  contents  removed  through  the  opening, 
using  for  this  purpose  a  coffee  spoon,  a  button  hook,  small  forceps,  a 
bent  wire,  or  other  suitable  instrument.  After  this  is  done,  wash  out 
the  crop  with  clean,  warm  water.  The  opening  should  not  be  over  an 
inch  in  length  and  should  be  closed  with  3  or  4  stitches  first  in  the 
wall  of  the  crop  and  when  this  is  finished  an  equal  number  in  the  skin. 
Each  stitch  should  be  made  and  tied  separately.  Coarse  white  silk 
is  the  best  material,  but  if  it  is  not  at  hand  ordinary  cotton  thread 
may  be  used. 

Feed  on  milk  and  raw  egg  beaten  together  for  a  day  or  two,  and 
gi'adually  change  to  soft  mash. 

INFLAMMATION  OF  THE  STOMACH  OE  INTESTINES. 

This  trouble,  when  not  the  result  of  one  of  the  contagious  diseases 
to  which  reference  has  been  made,  is  generally  due  to  eating  moldy  or 
putrid  food  or  irritating  mineral  poisons.  It  is  indicated  by  loss  of 
aj)petite,  dullness,  and  constipation  or  diarrhea.  It  may  be  treated 
by  giving  30  or  40  grains  of  Epsom  salts  or  2  teaspoonfuls  of  castor 
oil,  and  feeding  a  soft  mash  for  a  day  or  two. 

UMBESNECE. 

The  condition  known  as  "  limberneck  "  is  in  reality  not  a  disease 
but  is  a  symptom  of  several  diseases  which  are  characterized  by  a 
paralysis  of  the  muscles  of  the  neck,  which  makes  it  impossible  for 
the  bird  to  raise  its  head  from  the  ground.  This  condition  is  due  to 
the  absorption  of  poisons  from  the  intestines,  which  act  upon  the  ner- 
vous system  and  cause  paralysis.  It  is  generally  associated  with  indi- 
gestion, or  the  eating  of  moldy  grain  or  putrid  meat  or  with  intestinal 
worms.  The  best  treatment  is  to  give  a  full  dose  of  purgative  medi- 
cine; that  is,  50  or  60  grains  of  Epsom  salts  or  3  or  4  teaspoonfuls 
of  castor  oil  for  a  grown  fowl.  Often  the  birds  will  be  cured  within 
24  hours,  and  in  case  they  are  not  better  within  3  or  4  days  it  is  not 
advisable  to  keep  them. 

UVEK  DISEASE. 

A\Tien  not  produced  as  the  result  of  one  of  the  contagious  diseases 
described  elsewhere,  liver  disease  is  generally  caused  by  errors  of 
feeding  and  lack  of  exercise.  It  can  not  certainly  be  distinguished 
from  other  forms  of  disease  during  the  life  of  the  bird.  When  ex- 
amined after  death  the  liver  is  found  enlarged  and  so  tender  that  it 
is  easily  torn.  If  it  is  suspected  that  other  birds  in  the  flock  are 
similarly  affected,  correct  the  ration,  give  plenty  of  green  feed,  and 
encourage  exercise  in  the  open  air. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  or  Agriculture, 

Bureau  of  Pi^nt  Industry, 

*  OmcE  OF  the  Chief. 
Washington^  D.  C,  March  10^  191S. 
Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin  the  accompanying  manuscript, 
•  entitled  "  Larkspur,  or  '  Poison  Weed/  "  prepared  by  Dr.  C.  Dwight 
Marsh  and  Mr.  A.  B.  Clawson,  Physiologists,  and  Hadleigh  Mai'sh, 
Laboratory   Assistant,   Poisonous-Plant  Investigations,   under    the 
direction  of  Dr.  R.  H.  True,  Physiologist  in  Charge  of  the  Office 
of  Drug-Plant,  Poisonous-Plant,  Physiological,  and  Fermentation 
Investigations  of  this  Bureau. 

A  detailed  account  of  the  experimental  work  on  larkspur  poisoning 
has  been  prepared.  The  demand  for  immediate  information  on  this 
subject  is  so  great,  however,  that  it  is  deemed  wise  to  issue  in 
an  abbreviated  form  the  most  important  practical  results  of  this 
investigation. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture. 
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LARKSPUR,  OR  "POISON  WEED." 


INTEODITCTIOlSr. 

The  larkspurs  have  been  known  to  be  poisonous  from  the  time 
of  the  ancient  Greek  and  Latin  writers  to  the  present.  It  is  only 
in  North  America,  however,  that  they  have  been  important  as  caus- 
ing losses  of  stock.  The  recorded  losses  in  North  America  have 
been  almost  entirely  in  the  cattle  ranges  of  the  western  United  States 
and  Canada,  although  isolated  instances  of  poisoning  are  known  in 
the  eastern  mountains.  In  the  cattle  ranges  of  the  West  probably 
no  poisonous  plants,  with  the  exception  of  the  loco  weeds,  have  caused 
ouch  heavy  losses  to  the  stockmen. 

It  is  difficult  to  estimate  with  any  degree  of  accuracy  the  extent 
of  these  losses.  A  conservative  estimate  based  on  reports  from  a 
large  number  of  ranges  indicates  that  the  annual  loss  is  from  3  to  5 
per  cent.  A  great  many  of  the  stockmen  who  have  reported  upon 
this  subject  have  given  an  estimate  of  5  per  cent.  Specific  cases 
are  known  where  from  20  to  50  cattle  have  died  out  of  a  single  herd 
within  a  few  hours,  and  other  instances  are  recorded  in  which  indi- 
vidual stockmen  have  lost  as  many  as  200  head  in  a  season.  These 
are  losses  which  are  attributed  to  larkspurs,  since  they  have  occurred 
on  ranges  where  the  larkspurs  are  abundant.  In  most  cases,  how- 
ever, definite  evidence  that  the  larkspurs  were  the  cause  of  the  losses 
is  wanting.  The  animals  are  found  dead  in  localities  where  they 
can  obtain  the  plant,  and  it  has  been  assumed  that  death  was  caused 
by  eating  these  weeds. 

A  definite  belief  has  been  developed  among  the  stockmen  of  the 
West  that  the  larkspurs  are  poisonous,  and  the  symptoms  of  lark- 
spur poisoning  have  been  described  with  great  uniformity.  Ac- 
counts of  these  losses  have  come  from  practically  all  of  the  cattle 
ranges  in  the  mountains  from  the  Rocky  Mountains  west.  These 
ranges  at  the  present  time  are  very  largely  in  the  domain  of  the 
national  forests,  and  a  map  of  the  national  forests  would  give  a 
fair  idea  of  the  distribution  of  larkspur  poisoning. 
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6  LARKSPUR,   OR  **  POISON   WEED." 

LABESPirBS  OF  THE  WESTE3LN  ITNITED  STATES. 

Two  general  gi'oups  of  larkspurs  are  found  on  these  ranges — the 
tall  and  the  low  larkspurs.  The  tall  larkspurs  grow  in  great  abun- 
dance in  the  gulches  and  canyons  of  the  more  elevated  cattle  ranges, 
while  the  low  larkspurs  grow  in  similar  regions,  but  upon  the  open 
hills  and  in  drier  localities. 

In  the  regions  where  these  plants  are  abundant  they  are  commonly 
known  as  "  poison,"  "  poison  weed,"  or  "  cow  poison."  In  New 
Mexico  the  tall  larkspurs  are  known  as  "  peco." 

TALL  LABKSPUB. 

In  the  mountains  of  Colorado  the  tall  larkspur  is  represented  by  the 
species  Delphinium  barheyi.    This  grows  from  an  altitude  of  about 


Fig.  1. — Tall  larkspur  (Delphinium  harheyi  Huth)  before  blossoming. 

8,000  feet  to  very  near  the  timber  line.  When  full  grown  it  is  from 
3  to  7  feet  in  height,  with  a  long  woody  root.  The  violet-blue  flowers 
are  in  a  dense  terminal  raceme.  The  plant  starts  growth  early  in 
the  spring  and  in  the  region  of  the  experiment  station  at  Mount  Car- 
bon was  from  1  to  2  feet  high  in  May,  forming  bunches  much  more 
prominent  than  the  grass  and  doubtless  attractive  to  grazing  animals. 
Figure  1  shows  the  plant  as  it  appears  in  May  before  blossoming,  and 
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LARKSPUR,   OR  *'  POISON   WEED.'^  7 

figure  2  shows  it  in  full  bloom.  It  blossoms  in  July,  the  seeds  ara 
formed  in  August,  and  then  it  commences  to  dry  up,  but  does  not 
entirely  disappear  until  broken  down  by  the  winter  snows.  This 
species  is  found  in  the  mountains  of  Wyoming  and  Utah  as  well  as 
those  of  Colorado. 

The  species  found  in  Montana  is  Delphinium  cuctdlatum.  It  is  not 
so  large  as  Delphinium  harheyi^  and  the  flowers  present  a  grayish  blue 
appearance,  as  the  sepals  are  gray,  but  the  general  habit  of  the  plant 
resembles  that  of  the  tall  larkspur  of  Colorado.    In  the  other  moun- 


FlO.  2.^Tall  larkspur  (Delphinium  barheyi  Huth)  In  full  bloom. 

tain  ranges  of  the  West  the  species  of  tall  larkspur  resemble  these 
species  very  closely. 

It  is  not  difficult  to  distinguish  the  tall  larkspur  after  it  blossoms,  as 
no  other  plant  growing  in  similar  localities  has  a  flower  at  all  resem- 
bling it.  In  the  early  stages,  however, 'like  that  represented  in  figure  1. 
it  is  easily  confounded  with  geranium  and  aconite,  which  frequently 
grow  in  great  abundance  in  the  same  places.  Figure  3  shows  a  plant 
of  geranium  {Geranium  viscossissimum  F.  and  N.)  which  may  be 
considered  a  type  of  the  species  of  geranium  which  are  common  in 
the  mountain  ranges.    The  leaves  of  this  geranium  resemble  those  of 
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8  LARKSPUR,   OR   *'  POISON   WEED." 

the  tall  larkspur.     The  plant,  however,  has  a  very  different  habit 
and  after  blossoming  is  readily  distinguished  from  the  larkspur. 

It  is  more  difficult  to  distinguish  the  plant  of  the  aconite,  an  illus- 
tration of  which  is  givea  in  figure  4.  The  plant  shown,  Aconitum 
columbianum  Nutt.,  may  be  considered  as  typical  of  the  aconites 


Pig.  3. — Oeranium  viscossisaimum  F.  and  N. 

found  in  the  mountain  regions.  Aconite,  or  monkshood,  has  a  flower 
easily  distinguished  by  its  form  from  that  of  the  larkspur,  as  will  be 
seen  by  comparing  figures  4  and  5.  While  the  color  of  the  flower  is 
deep  blue  instead  of  violet  blue,  as  in  the  larkspur,  the  leaves  resemble 
those  of  the  larkspur,  although  they  are  more  closely  attached  to  the 
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stem.  The  root  of  the  aconite  is  short  and  bulblike  instead  of  long 
and  woody,  as  in  the  tall  larkspur.  These  aconites  frequently  grow 
in  considerable  abundance  in  the  midst  of  clumps  of  the  tall  larkspur. 

LOW  LAKKSPUB. 

Delphinium  neUoni  may  be  taken  as  a  type  of  the  low  larkspurs. 
This  species  (fig.  5)  grows  in  considerable  abundance  in  Wyoming, 


Fig.  4. — Aconitum  columhianum  Nutt. 

Colorado,  New  Mexico,  and  Utah,  and  this  or  a  closely  allied  species 
grows  in  California  and  Oregon.  It  is  found  at  altitudes  of  4,000 
to  10,000  feet  on  open  hillsides  and  in  parks,  sometimes  covering 
large  areas.  The  root  is  short  and  tuberous,  and  the  plant  does  not 
exceed  a  foot  in  height.  The  blossoms,  which  are  violet  blue  and 
arranged  in  a  loose  raceme,  appear  in  May,  and  seeds  are  formed  in 
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the  latter  part  of  June,  after  which  the  plant  dies  and  disappears. 

The  species  illustrated  is  rarely  found  after  the  first  of  July. 

In  the  States  north  of  Colorado  a  similar  larkspur  is  found,  known 

as  Delphinium  hicolor  Nutt.    This  very  closely  resembles  Delphinium 

nehoni  and  has  the  same  general  habit  of  life.    The  root,  however, 

is  long  and  fibrous, 
and  the  blossoms  are 
somewhat  larger. 
It  is  the  most  beau- 
tiful of  the  Ameri- 
can larkspurs. 

SYMPTOMS  OF 
LAEKSPTJE  POI- 
SONINO. 

The  first  symptom 
of  larkspur  poison- 
ing, as  noticed  on  the 
range,  is  ordinarily 
the  falling  of  the 
animal.  When  a 
bunch  of  cattle  is  be- 
ing driven  it  some- 
times happens  that 
one  or  more  will  sud- 
denly fall  and  com- 
mence to  kick  con- 
vulsively. In  the 
experimental  poison- 
ing it  was  found 
that  this  falling  was 
preceded  by  a  lack 
of  appetite  and  gen- 
eral uneasiness,  with  a  stiff  and  staggering  gait.  When  the  ani- 
mal falls  it  ordinarily  goes  down  very  suddenly,  the  legs  appear- 
ing to  crumple  up  under  it  In  the  lighter  cases  of  poisoning  the 
animal  will  hold  its  head  erect  and  after  a  longer  or  shorter  time 
will  get  upon  its  feet,  only  to  fall  again  shortly.  In  more  acute 
cases  the  animal  lies  upon  its  side  with  the  feet  extended  more  or 
less  rigidly.  In  these  cases  it  is  entirely  impossible  for  the  animal 
to  get  upon  its  feet  immediately.  Occasionally  it  will  fall  once, 
remain  upon  the  ground  a  short  time,  and  then  walk  off  as  if 
nothing  were  the  matter.    More  frequently  the  fall  is  repeated  a 
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number  of  times.  If  the  animal  is  hurried  after  being  upon  its  feet 
the  symptoms  of  poisoning  will  be  more  severe.  When  a  bunch  of 
cattle  has  been  feeding  upon  a  larkspur  range  and  is  started  up  sud- 
denly it  is  not  unusual  for  one  or  more  of  them  to  fall  as  the  result  of 
the  larkspur  poisoning.  While  the  motions  of  the  animal  when  down 
may  be  described  as  convulsive,  it  can  hardly  be  said  that  the  poison 
produces  convulsions.  The  kicking  seems  to  be  due  largely  to  at- 
tempts to,  rise  rather  than  to  involuntary  contractions  of  the  muscles 
of  the  legs. 

Poisoned  animals  are  almost  always  constipated  and  usually  recover 
if  this  condition  is  relieved.  In  all  severe  cases  the  animals  are 
nauseated  and  death  frequently  results  from  the  contents  of  the  first 
stomach  getting  into  the  windpipe.  Bloating  occurs  in  some  cases, 
but  not  in  all.  When  the  cattle  bloat,  death  in  some  cases  is  doubtless 
the  result  of  mechanical  obstruction  of  breathing.  When  the  poison- 
ing is  sufficiently  severe  to  produce  fatal  results  death  ordinarily 
occurs  in.  a  very  short  time.  The  symptoms  of  poisoning  by  the  tall 
and  low  larkspurs  are  the  same,  and,  so  far  as  known,  all  the  lark- 
spurs of  the  West  produce  similar  symptoms. 

ETFECT  OF  LABESPTTB  POISONING  tPON  OBOANS  OF  THE  BOBT. 

Cattle  fatally  poisoned  with  larkspur  bloat  almost  immediately 
after  death.  The  autopsies  show  more  or  less  inflammation  of  the 
stomach,  of  the  small  intestine,  and  of  the  lining  of  the  windpipe. 
In  most  deaths  from  larkspur  poisoning  more  or  less  of  the  contents 
of  the  first  stomach  will  be  found  in  the  windpipe  and  in  the  bron- 
chial tubes.  The  blood  vessels  of  the  surface  of  the  body  are  greatly 
congested,  and  the  kidneys  ordinarily  show  extreme  congestion. 
Death  results  from  paralysis  of  respiration,  the  heart  continuing  to 
beat  for  an  appreciable  time  after  respiration  has  ceased. 

PEBIOB  BTTBINO  WHICH  POISONING  OCCITBS. 

The  low  larkspur,  as  has  been  stated,  is  poisonous  during  the  whole 
of  its  life,  but  the  plant  disappears  the  last  of  June  or  early  in  July. 
Poisoning  from  eating  it  occurs,  therefore,  only  in  the  months  of  May 
and  June.  The  tall  larkspur  grows  through  the  entire  season,  and 
as  it  matures  the  leaves  lose  their  poisonous  properties,  so  that  after 
the  middle  of  August  they  cease  to  be  poisonous.  The  seeds  are  more 
poisonous  than  the  leaves,  and  occasionally  cattle  die  rather  late  in 
the  season  from  eating  them.  The  loss  from  eating  seeds,  however, 
is  very  small. 

Inasmuch  as  the  tall  larkspur  plants  are  particularly  attractive 
to  animals  before  the  blossoms  are  formed,  it  follows  that  the  most 
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dangerous  period  of  the  tall  larkspur  corresponds  very  closely  to 
that  of  the  low  larkspur,  the  larger  number  of  cases  of  poisoning 
occurring  in  the  months  of  May  and  June.  Some  animals  may  be 
poisoned  in  July,  but  such  cases  are  comparatively  rare.  After  the 
middle  or  last  of  August  cattle  eat  the  leaves  of  the  tall  larkspur 
with  considerable  eagerness  and  with  no  harm  whatever.  Durin<r 
the  season  when  poisoning  occurs  apparently  all  parts  of  the  plants 
above  the  ground  are  poisonous.  The  roots  of  the  tall  larkspur  are 
never  eaten  by  cattle,  as  they  can  not  get  at  them.  Contrary  to  the 
common  belief  of  cattlemen,  very  few  of  the  roots  of  the  low  lark- 
spur are  ever  eaten  by  cattle,  and  the  danger  is  not  from  the  roots 
but  from  the  parts  of  the  plant  growing  above  ground. 

aiTANTITY  OF  LABESFUB  NECESSARY   TO  POISON. 

Small  quantities  of  both  the  tall  and  the  low  larkspurs  can  be 
eaten  with  impunity.  Experimental  work  shows  that  an  animal 
must  eat  about  3  per  cent  of  its  weight  before  l>eing  affected,  and 
that  average  cases  eat  from  8  to  9  per  cent  of  their  weight. 

POISONINO  OF  HOESES. 

Experimental  work  showed  that  horses  are  poisoned  by  larkspur 
if  they  eat  a  considerable  quantity.  On  the  open  range,  however, 
it  appears  that  horses  never  eat  enough  of  the  plant  to  produce  any 
effect,  so  that  horses  can  be  grazed  with  impunity  upon  ranges  which 
would  be  fatal  to  cattle. 

POISONINO  OF  SHEEP. 

Careful  and  extended  experiments  upon  the  tall  and  low  larkspurs 
growing  about  the  Mount  Carbon  experiment  station  in  Colorado 
showed  conclusively  that  sheep  can  gi'aze  upon  these  plants  without 
any  harm.  Corral  feeding  experiments  showed  that  sheep  can  eat 
very  large  quantities  of  larkspur  not  only  without  harm  but  with  ap- 
parent benefit.  The  experimental  work  at  the  Greycliff  station  in 
Montana  corroborated  that  in  Colorado,  and  there  is  every  reason 
to  believe  that  sheep  are  never  injured  by  feeding  upon  the  larkspurs. 

TEEATHENT. 

It  is  of  course  best,  if  possible,  to  avoid  larkspur  poisoning  by 
handling  stock  in  such  a  manner  that  they  will  not  get  at  the  plants 
in  any  quantity.  No  hesitation  need  be  felt  in  ranging  horses  and 
sheep  on  areas  infested  with  larkspur.    Cattle  can  eat  considerable 
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quantities  without  harm,  but  it  is  always  dangerous  to  permit  them 
to  graze  freely  upon  a  larkspur  area.  This  has  been  recognized  by  the 
stockmen  on  some  of  the  ranges,  who  by  keeping  their  cattle  from 
the  infested  area  until  about  the  first  of  July  prevent  losses.  This 
can  be  done  either  by  riders,  as  in  some  sections,  or  by  the  aid  of  drift 
fences.  In  some  cases,  where  limited  areas  are  particularly  infested 
with  these  plants,  it  may  be  desirable  to  fence  them  in  and  keep  the 
cattle  out.  In  some  areas,  where  the  plant  grows  in  great  abundance 
in  gulches  frequented  by  cattle,  it  is  entirely  practicable  to  dig  out 
sufficient  of  the  tall  larkspur  so  that  the  animals  can  graze  in  those 
regions  with  impunity.  Where  the  tall  larkspur  grows  widely  scat- 
tered over  a  range  it  is  impracticable  to  destroy  it  by  digging.  It  is 
well  known  by  stockmen,  however,  that  some  gulches  are  veritable 
death  traps  for  their  cattle,  and  in  those  places  it  would  be  a  matter 
of  economy  to  go  over  the  area  and  destroy  most  of  the  plants  of  the 
tall  larkspur  before  the  cattle  are  admitted. 

MEDICINAL  BEMEDIES. 

When  cattle  are  grazing  freely  upon  a  range  containing  larkspurs 
and  are  not  immediately  under  the  supervision  of  riders,  deaths  from 
larkspur  can  not  be  avoided.  In  cases,  however,  where  the  poisoning 
occurs,  as  frequently  happens,  while  animals  are  being  driven  from 
one  range  to  another  and  are  under  the  control  of  riders,  it  is  some- 
times possible  to  apply  remedies  which  will  aid  recovery.  Many  of 
the  cases  in  which  poisoning  is  not  severe  will  recover  if  care  is  taken 
to  turn  the  animal  after  it  falls,  so  that  the  head  will  be  higher  than 
the  rest  of  the  body,  and  to  see  that  it  is  not  further  disturbed.  Any 
attempt  to  get  the  animal  upon  its  feet  or  to  drive  it  rapidly  is  almost 
certain  to  be  followed  by  fatal  consequences.  If  the  animal  bloats 
badly  it  should  be  relieved  by  paunching,  that  is,  thrusting  a  trocar 
into  the  rumen  in  the  manner  which  is  practiced  by  so  many  of  the 
stockmen  of  the  West.  It  is  not  clear  that  bleeding  produces  any 
good  effects. 

When  the  animal  is  very  weak,  subcutaneous  injections  of  20  cubic 
centimeters  (6  drams)  of  whisky  will  aid  in  bridging  over  the  period 
of  weakness  and  sometimes  save  the  animal.  In  all  cases  it  was  found 
in  the  station  work  that  beneficial  results  were  obtained  by  using  a 
subcutaneous  injection  of  the  following  formula : 

Physosti^iin  salicylate ^ 1  grain. 

Pilocarpin  hydrpchlorid 2  grains. 

Strychnin  sulphate *  grain. 
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This  formula  would  apply  to  an  animal  weighing  500  or  600 
pounds.  For  a  large  steer  or  a  cow  of  1,000  pounds  or  more  the 
dose  should  be  twice  that  given  in  the  formula.  These  materials  can 
be  obtained  from  any  dealer  in  drugs.  The  physostigmin  salicylate 
and  pilocarpin  hydrochlorid  are  furnished  in  veterinary  hypodermic 
tablets,  each  containing  one-half  grain  of  physostigmin  salicylate 
and  1  grain  of  pilocarpin  hydrochlorid.  The  strychnin  sulphate  can 
be  obtained  in  tablets  each  containing  one-half  grain.  These  dissolve 
readily,  and  it  is  well  to  have  two  or  three  doses  ready  in  small 
homeopathic  bottles.  For  yearlings  one  should  use  two  of  the  physo- 
stigmin pilocarpin  tablets  and  one  of  the  half-grain  strychnin  tablets 
dissolved  in  enough  water  to  half  fill  an  8-dram  homeopathic  bottle; 
for  full-grown  cattle  four  of  the  physostigmin  pilocarpin  tablets  and 
two  of  the  strychnin  tablets  dissolved  in  an  8-dram  bottle  full  of 
water  should  be  used. 

It  is  best  to  use  an  all-metal  hypodermic  syringe.  This  can  be 
easily  cleaned  by  boiling.  The  form  which  has  been  found  most  use- 
ful for  the  field  is  that  known  as  the  Quitman  syringe.  In  this  the 
needles  are  carried  in  the  hollow  piston,  and  a  case  is  therefore  un- 
necessary. The  syringe  should  be  of  the  10-centimeter  size,  which 
holds  half  an  8-dram  bottle  of  water,  so  that  the  remedy  can  be  given 
to  yearlings  in  a  single  dose^  while  for  mature  cattle  the  fringe  must 
be  filled  twice.  The  needle  is  most  conveniently  inserted  in  the 
shoulder. 

Stockmen  at  the  present  time  are  accustomed  to  the  use  of  a  hypo- 
dermic syringe,  and  if  they  are  willing  to  try  this  remedy  can  without 
doubt  save  the  lives  of  most  of  the  animals  poisoned  during  drives 
or  round-ups.  This  remedy  relieves  the  condition  of  constipation  and 
stimulates  the  respiration. 

If  it  were  possible  to  insure  free  action  of  the  bowels  before  cattle 
were  driven  over  a  "  poison  area,"  probably  most  of  the  poisoning 
would  be  prevented.  Experimental  work  is  being  carried  on  with 
the  view  of  accomplishing  this  result  in  specific  cases. 

PASTTJBIirO  SHEEP  ON  FBESENT  CATTLE  KAKOES. 

It  is  evident  that  ranges  which  are  particularly  harmful  to  cattle 
may  be  used  with  impunity  for  the  pasturage  of  horses  or  sheep.  It 
is  suggested  that  certain  ranges  where  the  losses  of  cattle  have  been 
extremely  heavy  may  profitably  be  changed  to  sheep  ranges;  or  it 
may  be  possible  to  graze  sheep  upon  the  larkspur  areas,  and  thus 
avoid  the  danger  of  loss  to  cattle.  On  some  ranges  it  might  be  well 
to  graze  both  cattle  and  sheep  under  the  same  ownership. 
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LARKSPUR,  OR  ''  POISON   WEED."  15 

SUHMART. 

(1)  While  the  investigations  outlined  in  this  bulletin  were  carried 
on  mainly  in  Colorado  and  apply  more  particularly  to  the  larkspurs 
of  tliat  State,  conditions  in  the  other  Western  States  with  mountain 
cattle  ranges  are  very  similar. 

(2)  The  tall  and  the  low  larkspurs  cause  the  loss  of  a  great  number 
of  cattle  in  the  mountain  ranges  of  the  West. 

(3)  These  losses  occur  almost  entirely  in  the  months  of  May  and 
June,  although  some  may  occur  in  the  early  part  of  July. 

(4)  Horses  and  sheep  are  not  injured  by  grazing  on  larkspur  areas. 

(5)  Poisoning  m«ry  be  largely  prevented  by  keeping  cattle  away 
from  the  poison  areas  until  about  the  end  of  the  first  week  of  July. 

(6)  Cattle  poisoned  by  larkspur  should  be  kept  as  quiet  as  possible, 
should  be  paunched  if  bloating  occurs,  should  not  be  bled,  and  may 
in  many  cases  be  saved  by  a  subcutaneous  injection  of  physostigmin 
salicylate,  pilocarpin  hydrochlorid,  and  strychnin  sulphate. 
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EXPERIMENT  STATION   WORK. 

Edited  by  W.  H.  Beal  and  the  Staflf  of  Experiment  Station  Record. 


Experinoent  Station  Work  is  a  subseries  of  brief  popular  bulletins  compiled 
from  the  published  reports  of  the  agricultural  experiment  stations  and  kindred 
institutions  in  this  and  other  countries.  The  chief  object  of  these  publications 
is  to  disseminate  throughout  the  country  information  regarding  experiments  at 
the  different  experiment  stations,  and  thus  to  acquaint  farmers  in  a  general  way 
with  the  progress  of  agricultural  investigation  on  Its  practical  side.  The  results 
herein  reported  should  for  the  most  part  be  regarded  as  tentative  and  sug- 
gestive rather  than  conclusive.  Further  exi)eriments  may  modify  them,  and 
experience  alone  can  show  how  far  they  will  be  useful  In  actual  practice. 
The  work  of  the  stations  must  not  be  depended  upon  to  produce  **  rules  for 
farming."  How  to  apply  the  results  of  experiments  to  his  own  conditions  will 
ever  remain  the  problem  of  the  Individual  farmer. — ^A.  C.  Tbue,  Director,  Office 
of  Experiment  Stations. 
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EXPERIMENT  STATION  WORK/ 


OASDEN  SWEET  PEAS.' 

The  sweet  pea  can  adapt  itself  to  a  variety  of  locations,  but  a  po- 
sition which  provides  for  plenty  of  light  and  air  at  all  times  with  a 
little  shade  from  the  midday  suns  of  July  and  August  is  to  be  pre- 
ferred. Plants  grown  in  too  much  shade  are  usually  weak  and 
spindling  with  but  few  flowers.  The  drying  summer  suns  tend  to 
shorten  the  blooming  period  and  also  cause  certain  colors  to  fade. 
The  effects  of  drought  can  be  largely  overcome,  however,  by  early 
planting  and  by  deep  and  thorough  preparation  of  the  soil.  In  sea- 
sons when  the  conditions  are  especially  favorable  sweet  peas  can  be 
grown  with  fairly  good  results  with  no  more  preparation  than  is 
given  ordinary  vegetable  ground,  but  as  A.  C.  Beal  writes  in  a 
recent  bulletin  of  the  Cornell  station,  "  uniformly,  year  after  year,  the 
sweet  peas  with  the  strongest  root  systems  will  produce  the  finest 
flowers  during  the  longest  period."  Vigorous  root  development  can 
best  be  secured  by  planting  just  as  early  in  the  spring  as  the  soil  is 
dry  enough  to  work,  while  the  atmospheric  conditions  are  such  as  to 
retard  or  even  to  prevent  top  growth  for  several  weeks. 

Any  ordinary  garden  soil  is  suitable  for  sweet  peas,  providing  it 
is  well  drained.  Since  sowing  should  be  done  at  the  earliest  possible 
date,  the  soil  should  preferably  be  prepared  in  the  autumn. 

The  soil  should  be  broken  up  to  a  depth  of  15  inches  to  2  feet,  and  on  some 
soils  even  deeper.  Unless  the  soil  is  very  uniform  in  composition,  it  is  dis- 
astrous to  bring  the  bottom  soil  to  the  surface ;  but  this  should  be  turned  over 
in  the  trench,  mixing  with  it,  if  heavy  and  compact,  rather  coarse  stable  ma- 
nure or  litter.  Sometimes  leaves  are  available  for  placing  in  the  bottom  of  the 
trench.  The  use  of  these  materials  in  subsoil  promotes  drainage,  as  well  as 
improves  the  soil. 

If  a  good  layer  (4  inches)  of  half- rot  ted  stable  or  cow  manure  is  placed 
between  the  top  and  bottom  spadefuls,  and  the  top  soil,  if  heavy,  made  light 
with  old  manure,  an  excellent  preparation  has  been  made.  The  office  of  the 
manure  is  not  only  to  increase  the  store  of  plant  food,  but  also  to  increase  the 
water-holding   power. 


*  A  progreBs  record  of  experimental  inquiries  published  without  assumption  of  responsi- 
bility by  the  department  for  the  correctness  of  the  facts  and  conclusions  reported  by  the 
stations. 
•Compiled  from  New  York  Cornell  Sta.  Bui.  320. 
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6  EXPERIMENT  STATION   WORK,   LXXV. 

An  application  of  bone  meal  at  the  rate  of  1  ounce  per  yard  of 
trench,  as  well  as  a  good  dusting  of  air-slaked  lime  applied  while 
working  the  soil  in  the  autumn  will  both  prove  beneficial.  The  lime 
will  not  only  correct  any  acid  condition  existing  in  the  soil,  but  it 
will  also  aid  in  releasing  the  residual  plant  food  of  the  soil. 

Certain  white-flowered  sweet  peas  have  light-colored  seeds,  while 
others  have  black  seeds.  The  white  seeds  frequently  split  in  the  pod 
before  harvesting  and  are  likely  soon  to  lose  their  vitality  if  planted 
early  when  the  soil  is  cold.  Hence  the  white  seeds  should  be  sown 
rather  thicker  than,  or  not  so  deep  as,  the  black  seed.  In  the  sweet- 
pea  plantings  at  Cornell  it  has  been  found  that  an  ounce  of  seed  will 
plant  50  to  60  feet  of  row,  and  if  the  seed  is  good  it  should  plant 
still  more.     This  allows  for  one  seed  to  every  2  inches. 

In  some  seasons  sweet-pen  seeds  are  slow  in  germinating.  It  is  well  to  ex- 
amine such  seeds  in  order  to  ascertain  their  condition.  If  the  seeds  are  found 
dormant  but  still  fresh  and  plump,  the  seed  coats  should  be  cut  with  a  sharp 
knife  and  replanted,  when  they  will  germinate  well.  This  difficulty  is  not  con- 
fined to  the  sweet  pea,  but  some  of  the  other  LathyrI  behave  similarly.  The 
trouble  usually  follows  a  very  hot,  dry  season,  when  the  seed  l>ecomeB  so  ex- 
cessively ripened  as  to  render  the  seed  coat  impervious  to  water.  Sometimes, 
In  order  to  expedite  germination,  the  seeds  are  soaked;  a  better  method  for  the 
amateur  is  that  recommended  by  Mr.  Hutchins,  the  most  prolific  writer  on  sweet 
peas  in  America,  who  places  the  seed  packets  In  moist  earth  for  seven  or  eight 
days,  then  takes  them  out  and  examines  them.  The  swollen  seeds  are  planted, 
and  the  others  cut  with  a  knife. 

In  a  test  conducted  at  Cornell  in  1909-10  the  best  results  were  se- 
cured from  fall-planted  seed.  When  to  sow  the  seed  in  the  fall  will 
depend  largely  upon  seasonal  conditions  in  the  locality.  The  ideal  to 
be  attained  is  to  sow  the  seed  long  enough  before  freezing  weather 
sets  in  to  permit  the  roots  to  develop,  without  at  the  same  time  start- 
ing the  leaves  into  active  growth. 

Fall  planting. — In  the  season  under  discussion  the  finest  and  the  earliest 
flowers  were  secured  from  plantings  made  in  the  fall.  The  preparation  of  the 
soil  is  the  same  as  that  already  described,  except  that  the  soil  is  firmed  and  tlie 
trench  filled  level.  On  this  a  trench,  or  furrow,  2  inches  deep  is  made,  and  the 
pens  are  planted  at  least  as  close  as  one  seed  every  2  inches.  The  row  should 
be  slightly  ridged  up  so  as  to  prevent  water  from  standing  and,  as  stated  in 
the  beginning,  it  is  essential  that  the  location  be  on  a  well-drained  site.  When 
the  ground  freezes  a  mulch  of  manure  is  placed  over  the  row.  In  the  spring 
when  the  bright  weather  comes  the  plants  should  be  examined  in  order  to  see 
whether  they  are  growing  or  whether  the  soil  is  soggy  and  cold.  In  either 
case  the  mulch  should  be  removed  from  over  the  row  and  should  be  left  in  the 
center  so  that,  in  case  any  weather  should  come  when  the  safety  of  the  plants 
is  at  all  endangered,  the  old  mulch  may  easily  be  applied  to  protect  them.    , 

The  seed  of  the  standard  varieties  of  sweet  peas  is  cheap,  and  the  advantage 
gained  in  obtaining  early  fiowers,  if  the  plants  survive  the  winter,  is  worth  the 
effort. 

Spring  planting. — As  soon  as  the  frost  is  out  of  the  ground  and  the  soil  in 
workable  condition  in  the  spring,  a  heavy  application  of  superphosphate  of  lime 
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should  be  made  and  raked  In.  Care  should  be  exercised  not  to  get  the  soil  too 
loose,  and  for  this  reason  it  is  best  to  confine  all  stirring  of  the  soil  to  smoothing 
the  surface.  Especially  is  this  true  with  light  soils,  which,  if  stirred  deeply  in 
the  spring,  must  be  well  firmed.  Heavy  soils  that  are  likely  to  bake  may  be  im- 
proved by  working  in  a  light  dressing  of  old,  thoroughly  rotted  manure.   ♦   ♦   ♦ 

One  method  recommended  is  to  hollow  out  a  broad  trench,  24  to  30  inches 
wide  and  2  inches  deep,  and  then  sow  the  seed  1  inch  deep  in  single  or  double 
rows.  The  trench  should  be  kept  open  for  six  weeks  in  order  to  retain  the 
water.  This  system  is  very  good  in  a  garden  where  all  cultivation  is  given  by 
hand;  bjat  where  many  rows  are  grown  and  cultivation  is  done  with  a  horse 
and  cultivator,  it  is  manifestly  impossible  to  make  or  to  maintain  such  a  trench. 
Furthermore,  when  horse  cultivation  is  to  be  used  there  would  be  difficulty  in 
keeping  the  young  plants,  if  planted  below  the  surface,  from  being  covered 
during  the  early  cultivations.  Therefore,  planting  on  the  level  is  necessary  in 
field  cultura  It  is  advisable,  however,  in  garden  culture,  to  plant  so  that 
wheal  covered  the  row  will  be  2  inches  below  the  ordinary  level. 

Shall  the  planting  be  in  single  drills,  broad  drills,  or  double  rows  or  drills? 
It  matters  little,  provided  sufficient  room  is  allowed  for  the  growing  planta 

Another  method  of  securing  early  blooms  out  of  doors,  which  is 
practiced  by  many  English  growers  and  is  especially  valuable  for 
exhibition  purposes  is  to  sow  the  seed  in  pots  under  glass,  after  which 
the  plants  are  hardened  in  cold  frames  and  planted  out.  Pot-grown 
plants  should  be  started  in  February  or  March,  the  time  depending 
somewhat  on  the  latitude  and  seasonal  conditions. 

In  order  to  secure  suitable  plants  six  seeds  should  be  sown  in  4-inch  pots, 
using  light,  rich  soil.    ♦    ♦    ♦ 

When  the  plants  are  2  or  3  inches  high  they  should  be  given  supports  of  short 
twigs  and  placed  in  a  cold  frame.  Here  they  should  be  given  plenty  of  air 
at  every  opportunity  in  order  to  secure  a  short,  sturdy  growth.  If  the  plants 
do  not  catch  hold  firmly,  they  may  be  tied  with  raffia.  When  spring  begins 
and  the  soil  is  in  good  condition  the  pots  may  be  planted  in  the  open  1  foot 
apart  in  a  single  row  or  2  feet  apart  in  a  double  row.  In  the  latter  case  the 
plants  alternate. 

Sweet  peas  should  be  given  some  support  from  the  time  they  begin 
to  make  tendrils.  A  variety  of  supports  may  be  used,  but,  as  Dr.  Beal 
says : 

In  this  country,  where  good,  twiggy  boughs  can  be  obtained,  such  boughs 
unquestionably  form  the  best  support  to  use.  since  they  are  the  most  natural. 
In  many  places  birches  can  be  obtained  in  lengths  of  12  to  14  feet.  These  may 
be  prepared  in  the  lengths  desired.    ♦    ♦    ♦ 

If  the  soil  has  been  prepared  properly  and  the  plants  look  strong,  and  if 
the  grower  sees  that  the  plants  are  watered  and  given  every  care,  then  the 
support  should  be  6  feet  high.  If  the  soil  is  only .  moderately  fertile  or  has 
not  been  deeply  prepared,  or  if  the  grower  does  not  intend  to  keep  all  seed  pods 
picked  off  or  can  not  water  the  plants  In  order  to  overcome  drought,  the  sup- 
port should  be  kept  down  to  4  feet  The  variety  has  something  to  do  with 
the  height  of  the  support,  whatever  the  care  bestowed,  some  varieties  being 
naturally  dwarfer  growers. 

The  sticks  should  be  cut  In  late  winter  or  very  early  spring,  so  that  they  are 
still  rather  green  and  tough  enough  to  bear  the  load  until  the  end  of  the  sea- 
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son.  They  should  be  inserted  In  the  soil  at  least  a  foot,  because  when  clothed 
with  vines  to  a  height  of  6  feet  a  strong  windstorm  exerts  a  tremendous  leverage 
on  them.  Unless  the  sticks  have  been  inserted  deeply,  or  If  they  have  become 
too  dead  and  brittle,  the  row  will  go  down  under  the  force  of  the  wind  and  the 
great  weight  of  the  wet  vines.  In  order  to  guard  against  disaster,  strong  stakes 
are  sometimes  placed  every  10  feet  and  wire  is  run  lengthwise  through  the 
sticks  and  fastened  to  the  stakes.  It  is  desirable  to  have  the  sticks  bushy  at  the 
top,  so  that  they  spread  out  more  than  at  the  base ;  if  not  naturally  so,  leaning 
the  sticks  alternately  outward  will  produce  this  result.  This  gives  greater 
freedom  for  the  vines  when  in  flower. 

Netting. — When  other  systems  of  supporting  are  to  be  employed  it  Is  quite 
imperative  to  provide  a  support  of  small,  short  twigs  as  soon  as  the  seedlings 
begin  to  produce  tendrils.  This  method  prevents  the  rain  from  beating  the 
small  plants  down  and  ^lables  them  to  get  up  to  the  other  support.  In  city 
gardens,  owing  to  the  difficulty  in  procuring  suitable  sticks,  wire  netting  makes 
a  very  satisfactory  support  The  peas  do  not  cling  to  it  so  well,  but  it  is 
cleaner  and  neater  In  appearance,  which  Is  a  compensating  advantage. 

The  large  4-lnch  mesh  Is  preferable,  but  In  many  places  this  Is  not  procurable, 
and  the  ordinary  chicken  netting  or  fence  Is  used  Instead.  Strong  stakes  at  In- 
tervals not  to  exceed  10  feet  are  used  to  support  the  netting.  One  advantage 
of  wire  netting  is  that  If  stakes  6  feet  high  are  used  a  42  or  48  inch  strip  of 
netting  may  be  placed  In  position,  and  if  the  season  or  soil  is  favorable  and  the 
peas  grow  above  this,  a  narrow  strip  of  netting  may  be  added  or  a  string  or 
wire  stretched  from  stake  to  stake  over  the  row.  A  well-galvanized  netting  can 
be  used  rei)eatedly  for  several  years,  and  will  last  longer  If  taken  off  in  the 
fall  and  stored. 

Frequent  but  extremely  shallow  cultivation  should  be  the  rule  in 
growing  sweet  peas.  They  should  not  be  allowed  to  suffer  for  lack 
of  water,  but  watering  should  not  be  done  until  it  is  absolutely  neces- 
sary, since  if  the  soil  has  been  deeply  prepared  the  roots  will  go 
down  after  both  moisture  and  plant  food.  When  water  is  needed  it 
should  be  applied  thoroughly  and  at  least  two  or  three  times  a  week 
in  very  dry  periods.  When  it  becomes  necessary  to  water  the  plants 
a  mulch  of  thoroughly  rotted  manure  around  the  plants  wUl  be  of 
great  assistance  in  preventing  too  rapid  evaporation. 

The  above-mentioned  writer  lays  great  stress  on  the  necessity  of 
dispodding. 

In  order  to  have  fine  flowers  and  a  long  succession  of  bloom,  it  is  Inflnitely 
more  necessary  to  keep  the  seed  pods  rigorously  picked  off  than  it  is  to  cultivate, 
mulch,  or  water.  The  latter  operations  go  for  naught  unless  the  pods  are 
picked  off.  The  writer  thoroughly  believes  that  the  imi)ortance  of  watering  has 
been  overemphasized  and  that  too  many  amateurs  prefer  to  use  the  hose  rather 
than  to  pick  pods;  then  they  assert  that  the  sweet  pea  is  not  what  it  used  to 
be — that  it  has  lost  constitution  and  the  like.  Of  course  the  more  highly  de- 
\eloped  the  variety  the  less  certain  it  is  to  bear  up  under  neglect  There  were 
on  the  trial  grounds  at  this  station  in  1910  some  of  the  oldest  varieties.  Intro- 
duced from  1865  to  1890,  then  the  latest  hooded  and  grandifloras,  and  flnally 
the  waved  type.  Although  no  pods  were  picked  from  the  first  two  types  after 
July  20,  there  was  a  noticeable  difference  in  the  fiowerlng  habit.  The  old 
varieties  were  continuously  blooming  profusely,  while  the  second  class  were 
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sometimes  completelj^  destitute  of  flowers.  The  same  holds  true  with  regard 
to  length  of  stem.  Some  plants  of  Countess  Spencer  were  treated  likewise  in 
order  to  note  the  effect,  and  for  them  the  season  was  over  early  In  August. 

The  lesson  is  that  if  the  grower  does  not  intend  to  comply  with  the  require- 
ments of  the  improved  types,  it  is  better  to  grow  Butterfly,  Captain  Clarke, 
Peach  Blossom,  and  other  small -flowered,  precocious  varieties. 

Fertilizers. — After  sweet  i)eas  are  in  full  flower  fertilizers  may  be  applied. 
The  best  and  safest  fertilizer  to  use  is  liquid  manure,  diluted  to  the  color  of 
weak  tea  and  applied  once  a  week.  It  is  often  advantageous  to  alternate  this 
with  sulphate  of  ammonia  or  uitrate  of  soda  at  the  rate  of  1  ounce  to  6  gallons 
of  water.  The  plant  usually  responds  better  to  phosphorus  than  to  nitrogen, 
and  even  potash  is  often  beneficial.  Nitrate  of  i)otash  and  phosphate  of  {K)tash 
dissolved  at  the  same  rate  as  the  above-named  fertilizers  is  of  the  proper 
strength  to  apply. 

The  most  troublesome  insects  that  attack  sweet  peas  in  the  United 
States  are  the  red  spider  and  the  pea  aphis.^ 

The  most  serious  fungus  disease  attacking  the  sweet  peas  in  this 
country  is  the  powdery  mildew,  which  is  often  found  late  in  the 
season  when  the  plants  are  almost  through  blooming.  The  stems, 
leaves,  and  other  parts  of  the  plant  become  covered  with  the  white, 
powdery  coating.  The  disease  may  appear  after  a  rain  followed  by 
very  cold  nights  and  hot  days.  The  plants  should  be  sprayed  with 
potassium  sulphid  or  dusted  with  sulphur  or  with  a  mixture  of  lime 
and  sulphur,  2  parts  of  the  former  to  1  of  the  latter. 

WINTEE-FLOWEEING  SWEET  PEAS.* 

Sweet  peas  have  been  grown  under  glass  to  a  limited  extent  for  a 
long  time,  but  the  commercial  importance  of  their  winter  culture 
dates  back  only  to  the  development  and  introduction  some  10  or  12 
years  ago  of  true  winter-flowering  sweet  peas. 

In  a  recefit  bulletin  of  the  New  York  Cornell  station,  A.  C.  Beal 
traces  the  origin  of  the  various  groups  of  winter-flowering  sweet 
peas,  tells  how  they  are  grown,  and  devscribes  over  70  varieties  which 
were  tested  for  two  seasons  under  glass  and  also  grown  for  one 
season  out  of  doors. 

The  distinguishing  characters  of  the  winter-flow^ering  type  are 
described  as  follows: 

The  winter-flowering  type  is  absolutely  distinct  in  its  habit  of  growth  and 
its  early  flowering  character,  irnlil^e  the  garden  types,  which  apparently  stand 
still  for  a  time  when  only  a  few  inches  high  while  side  shoots  are  developed, 
the  winter-flowering  peas  gi-ow  rapidly  until  they  attain  a  height  of  2  to  4 
feet;  then  they  begin  to  flower  freely,  after  whidi  time  side  shoots  are  devel- 


1  The  red  spider  (Tctvanurhus  bimantlatus) ,  nlflo  known  as  the  jfreenhonse  red  spider, 
is  treated  In  detail  in  Circular  104  of  the  Bureau  of  Entomology,  n  copy  of  which  may 
be  obtained  upon  application.  Headers  interested  In  the  pea  aphis,  an  insect  which 
attacks  peas  practically  throughout  the  country  and  which  Is  a  very  Injurious  pest,  may 
obtain  full  information  in  Clrcuiar  43  of  the  Bureau  of  Entomology. 

»  Compiled  from  New  York  Corn(*ll  Sta.  Bui.  319. 
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oped.  In  trials  at  this  station  the  varieties  of  the  winter-flowering  type, 
planted  September  24,  came  into  flower  between  Thanksgiving  and  Christmas; 
while  some  varieties  of  the  waved  and  the  older  types,  planted  at  the  same  time, 
did  not  flower  until  the  last  week  in  April.  Many  varieties  of  the  flrst-named 
ly|)e  were  flowering  freely  at  the  holidays,  but  the  record  would  have  been 
surpassed  had  it  not  been  for  the  fact  that  during  the  month  of  November  the 
region  about  Ithaca  had  not  an  entire  day  of  sunshine  and  had  only  two  partly 
sunny  days.    December  was  almost  as  dark  and  cloudy. 

The  win^r-flowering  peas  make  their  greatest  growth  under  glass.  When 
■planted  in  the  spring  in  the  open  ground  they  make  a  very  slender  growth  as 
compared  with  the  garden  type,  and  flower  early  In  the  season  when  a  few 
Inches  high.    However,  they  flower  very  profusely  and  continuously. 

The  garden  type  stools  out  well  whep  planted  under  glass,  but  requires  the 
entire  winter  for  growth  if  planted  in  the  fall.  It  Is  said  by  a  practical  grower 
that  seed  planted  in  January  will  flower  as  soon  as  that  planted  in  August. 
This  difl'erence  in  habit  of  growth,  manifesting  itself  very  early,  is  of  great 
value  to  the  florist  in  enabling  him  to  guard  against  loss  from  procuring  the 
wrong  seed. 

The  flowers  of  the  winter-flowering  type  are  generally  of  the  open 
form  of  Blanche  Ferry,  a  dwarfed  garden  variety  introduced  in  1889. 
They  show  either  a  direct  or  indirect  relationship  to  that  variety. 
Some  of  the  English  and  American  raised  varieties  are  hooded,  and 
one  grower  is  perfecting  a  waved-flower  group.  As  tested  at  the 
Cornell  station  the  open-flowered  type  was  superior  in  substance  in 
midwinter,  and  the  flowers  remain  open,  whereas  the  hooded  varieties 
are  often  too  much  hooded  and  do  not  show  their  real  size  to  advan- 
tage. 

Winter-flowering  sweet  peas  grow  6  to  10  or  more  feet  high.  They 
need  all  the  light  they  can  get  to  promote  free  blooming;  hence  low 
or  dark  houvses  are  not  practicable.  They  should  be  grown  preferably 
in  solid  beds,  since  the  plants  require  a  deep,  moist,  cool  soil. 
Thorough  drainage  should  be  provided,  and  this  will  be  assisted  by 
raising  the  beds  at  least  1  foot  above  the  walks. 

When  planning  to  grow  sweet  peas  under  glass  in  solid  beds  the  house  should 
be  cleared  as  early  as  possible.  Trench  the  soil  2  feet  deep.  If  the  beds  have 
been  manured  annually  the  bottom  soil  may  be  brought  to  the  surface.  In  new 
houses,  in  case  the  beds  are  to  be  raised  a  foot,  trench  the  soil  18  to  24  inches 
deep  if  it  is  a  good  loam ;  if  not,  remove  the  soil  and  flll  the  beds  with  good  soil. 
This  gives  ah  additional  foot  of  loosened  soil  when  the  bed  Is  full,  but  it  is 
needed  for  additional  drainage.  In  turning  this  original  soil  in  a  new  bed 
apply  a  heavy  coat  of  good  decomposed  cow  manure  in  the  trwich.  Then  spread 
on  top  a  3-inch  coat  of  manure  and  fill  in  with  the  prepared  soil.  In  the  old 
beds  put  a  3-inch  layer  of  manure  In  the  bottom  of  the  trench  and  another  about 
a  foot  below  the  top.  The  soil  should  remain  thus  until  about  the  time  for 
sowing;  if  a  month  or  more  intervenes,  it  is  much  better.  At  this  time  fork 
over  the  top  layer  1  foot  deep,  which  mixes  the  upper  layer  of  manure  with  the 
surface  soil. 

While  good  crops  of  sweet  peas  may  be  grown  on  benches,  yet  they  require 
more  care  than  when  in  beds.  The  sweet  pea  is  frequently  grown  as  a  crop  to 
succeed  chrysanthemums,  particularly  by  those  florists  who  do  not  devote  a 
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great  amount  of  space  to  pot  plants.  In  order  to  have  flowers  for  Christmas 
the  early  chrysanthemums  should  be  cleared  from  the  house  by  October  20  and 
the  space  filled  with  good  sweet-pea  plants  transplanted  from  ix)ts. 

The  best  results  will  be  secured  from  strong-germinating,  outdoor- 
grown  seed  of  this  type.  Seed  procured  from  exhausted  greenhouse- 
grown  plants  often  germinates  poorly  or  produces  weak  plants.  The 
first  row  should  be  sown  at  least  5  feet  away  from  steam  pipes  along 
the  side  walls.  East  and  west  rows  may  be  planted  5  feet  apart; 
north  and  south  rows  3  feet  apart.  Sow  the  seed  in  drills  1  to  IJ 
inches  deep  and  about  the  same  distance  apart  in  the  drill.  The  sur- 
face should  be  kept  level. 

The  winter-flowering  varieties  may  be  started  in  pots  and  trans- 
planted later  on,  but  they  give  better  results  when  started  in  perma- 
nent position.  A  day  or  two  before  planting,  the  beds  should  be 
thoroughly  saturated  with  water  or  with  a  strong  dose  of  liquid 
manure.  The  seed  may  be  sown  as  soon  as  the  surface  has  dried  oflf. 
White-seeded  varieties  suffer  from  retarded  germination  or  excessive 
moisture,  hence  may  best  be  soaked  in  water  for  several  hours  and 
then  lightly  stratified  with  sand  in  flats  until  they  begin  to  swell. 
The  seeds  may  then  be  sown  in  moderately  dry  soil,  as  with  the  other 
varieties. 

If  the  soil  has  l>een  saturated  before  planting,  no  more  water  should  be 
applied  for  perhapa  a  week,  or  only  when  the  soil  is  no  longer  moist  3  inches 
below  the  surface.  When  a  thorough  watering  is  not  applied  first,  and  the  seed 
is  sown  and  watered  In,  as  a  rule  not  enough  water  is  given  to  saturate  the  soil 
Tery  deeply.  The  result  is  that  the  plant  confines  its  root  area  to  this  shallow 
moist  layer  and  does  not  root  deeply.  It  therefore  suffers  from  extremes,  and 
any  lack  of  moisture  is  followed  by  a  check  from  which  it  never  recovers.  On 
the  other  hand,  if  the  preparatory  watering  is  given  and  water  withheld  until 
there  is  need  of  it,  the  roots  strike  downward  into  moist  and  cooler  soil,  where 
they  overcome,  as  far  as  possible,  the  effects  of  the  hot  days.  The  sweet  pea 
must  be  kept  growing  steadily  from  the  day  the  seed  is  sown.  When  water  is 
needed  do  not  apply  near  the  plants,  but  between  the  rows,  where  it  should  be 
given  lil)erally.  This  treatment  Is  especially  important  with  the  early  plantings. 
One  reason  why  water  should  not  be  applied  too  near  the  plants  is  that  they 
are  especially  subject  to  damping  off.  This  trouble  becomes  more  prevalent  in 
October  and  November,  when  there  are  more  cloudy  days,  cool  nights,  and  like 
conditions.     Because  of  this  no  soil  should  be  heaped  around  the  stem. 

To  secure  the  best  returns  from  winter-flowering  sweet  peas  they 
should  be  blooming  freely  during  holiday  or  festive  seasons.  The 
rate  of  growth  will  be  influenced  somewhat  by  the  amount  of  daily 
sunshine  during  the  fall  and  early  winter.  In  the  Cornell  tests  a 
good  crop  of  Christmas  blooms  was  secured  by  sowing  the  seed  in 
August. 

When  a  good  crop  of  sweet  peas  is  desired  for  Christmas,  the  seed  should  be 
sown  the  20th  of  August.     When  sown  September  1  the  plants  will  flower  In 
January;  when  sown  September  15  the  main  crop  will  be  in  February;  and 
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when  sown  in  October  the  crop  will  be  ready  in  March.  November  sowings 
flower  in  the  latter  part  of  March;  December  sowings  in  April;  January  sow- 
ings in  April  and  May ;  February  sowings  from  May  1  on ;  and  a  March  sowing 
in  May  or  June.  This  gives  the  time  when  a  reasonable  crop  can  be  expected, 
although  flowers  will  be  cut,  especially  with  certain  varieties,  in  a  shorter  in- 
terval than  that  given. 

Some  of  the  varieties  in  the  tests  at  this  station,  sown  October  20  and  benched 
December  20,  gave  flowers  during  the  last  week  in  January,  but  not  freely  until 
about  March.  Some  sown  November  20  and  benched  December  20  began  flower- 
ing in  February  and  gave  an  abundance  in  March.  Seed  sown  in  beds  Septem- 
ber 24  this  year  gave  flowers  on  Thanksgiving  Day,  although  during  the  whole 
month  of  November  there  was  not  one  clear  day  and  there  were  only  two  partly 
clear  days. 

Winter-flowering  peas  grow  very  rapidly,  hence  training  should 
commence  as  soon  as  they  are  up.  Supports  may  consist  of  string, 
wire  and  string,  or  wire  netting.  Wire  netting  was  preferred  at 
Cornell,  although  it  is  condemned  by  commercial  growers,  who  claim 
that  the  vines  do  not  cling  to  it  well  and  that  more  crooked  stems 
occur  than  when  the  vines  are  trained  on  string. 

Special  effort  must  be  made  to  keep  the  temperature  down  during 
the  early  growth  period,  for  the  nearer  the  natural  outdoor  spring 
conditions  are  approximated,  the  strongier  and  healthier  the  plants 
will  be.  Give  full  ventilation  day  and  night,  as  late  as  possible, 
without  freezing. 

When  the  flower  buds  can  be  felt  In  the  tips  of  the  growing  stems  the  tem- 
perature should  be  raised  1**  a  night  until  50°  is  attained,  which  is  the  proper 
temperature  during  December,  January,  and  February.  From  about  the  end  of 
February  on  a  night  temperature  of  48°  is  l>etter.  On  bright  days  a  rise  of  10** 
or  even  15°  may  be  given.  On  cloudy  days  55°  is  high  enough,  for  higher  tem- 
peratures promote  soft,  succulent  growth  that  wilts  when  the  sun  comes  out. 
Plenty  of  ventilation  should  be  provided  at  every  opportunity,  as  this,  with 
careful  regulation  of  tenii)erature,  causes  a  firm  growth. 

Sweet  peas  are  subject  to  attack  by  the  more  common  greenhouse 
insects  and  are  also  apt  to  become  diseased  unless  proj)er  attention 
is  paid  to  soil  conditions,  temperature,  and  ventilation. 

Sweet  peas  are  especially  subject  to  attack  by  the  red  spider,  but  unless  the 
plants  are  too  near  heated  pipes  such  attacks  do  not  often  occur  except  in  the 
fall  months.  The  careful  use  of  water  after  the  plants  have  attained  a  height 
of  a  few  Inches  will  eradicate  this  pest. 

The  pea  aphis  attacks  sweet  peas  from  the  time  they  appear  above 
ground.  It  can  soon  destroy  the  young  plants,  as  well  as  weaken  the 
plants  at  any  stage.  Treatment  for  this  insect  has  already  been 
referred  to  on  page  9. 

Climbing  cutworms  and  snails,  if  present  in  greenhouses,  will  destroy  sweet 

peas.     The  former  insects     ♦     ♦     ♦     are  combateii  by  using  compost  that  has 

not  been  covered  by  a  rank  growth  of  weeds  and  grass.     When  their  work  ia 

noticed  a  search  should  be  made  for  the  worms  under  any  mulch  or  lumps  of 
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earth  on  the  bench,  where  they  are  coileni  up  during  the  day.  They  may  also 
be  picked  from  the  plants  at  night  while  feeding.  Snails  can  beVontroUed  by 
the  application  of  lime  and  soot  to  the  surface  of  the  bed  or  benches. 

The  damping-off  fungus  has  already  been  mentioned  as  causing  the  loss  of 
young  plants.  Sometimes  plants  are  seen  with  white  or  yellow  streaked  foliage. 
From  experience  at  this  station  it  appears  that  such  a  condition  may  follow 
the' use  of  any  soil  that  is  not  sweet.  An  instance  occurred  when  a  mold 
growing  over  the  ashes  of  a  banch  entered  the  bottom  of  some  pots  of  peas, 
causing  the  soil  to  become  stale  and  musty.  All  the  plants  where  this  occurred 
showed  streaked  foliage  later.  The  disease  is  undoubtedly  physiological  in  its 
nature  and  is  thought  by  practical  growers  to  occur  sometimes  from  the  use 
of  too  much  or  too  fresh  manure  on  young  plants. 

The  dropping  of  flower  buds  is  often  a  cause  of  complaint  from  growers. 
The  first  flower  buds  frequently  do  not  set  on  vigorous,  thrifty  plants.  Usually 
this  condition  soon  disappears,  but  sometimes  it  is  necessary  to  keep  the  plants 
a  little  dry  and  to  abstain  from  the  use  of  fertilizers  until  the  plants  are 
blooming  freely.  The  loss  of  the  buds  will  follow  a  sudden  fall  in  the  tempera- 
ture or  will  result  from  overwaterlng.  Another  cause  Is  growing  the  plants  in 
too  cool  an  atmosphere.  Plants  that  are  grown  in  the  proper  temperature,  with 
careful  attention  to  watering,  ventilation,  and  feeding,  do  not  fall  to  give  an 
abundance  of  flowers. 

Mildew  sometimes  attacks  sweet  peas  during  the  autunm,  unless  the  tem- 
perature and  ventilation  receive  attention.  It  has  been  found  at  this  station 
that  mildew  yields  readily  to  applications  of  sulphur  to  the  pipes,  and  to  the 
use  of  flour  of  sulphur  dusted  on  the  infected  leaves.  As  soon  as  the  fires  are 
started  In  the  fall  some  sulphur  should  be  applied  to  the  pipes  as  a  preventive. 
This  should  be  used  judiciously,  however,  for  an  interesting  case  came  under 
observation  at  this  station  during  the  past  winter  of  the  danger  of  using  sulphur 
too  strong.  An  application  had  been  made,  and  on  a  very  cold  night  the  pipe 
covered  with  the  sulphur  was  turned  on,  the  result  being  that  every  flower 
which  was  well  advanced  or  open  was  scorched  so  that  most  of  the  flowers 
had  to  he  thrown  away.    No  injury  to  the  plants  occurred. 

SOTTTHEEN  BUE  CLOVEE.* 

E.  F.  Cauthen,  of  the  Alabama  station,  states  that  "  many  southern 
farmers  have  long  felt  the  need  of  winter  crops  for  pasture  purposes 
and  soil  improvement.  As  the  ability  of  legumes  to  secure  nitrogen 
from  the  air  becomes  more  generally  understood,  the  greater  is  the 
inquiry  for  a  winter  legume  that  will  fill  these  important  needs. 
Southern  bur  clover,  or  winter  bur  clover,  as  it  is  sometimes  called, 
meets  these  requirements  remarkably  well.  It  is  easy  to  grow,  is 
adapted  to  many  kinds  of  soil,  and  to  begin  its  growth  in  a  small  way 
does  not  require  much  expense." 

Bur  clover  (fig.  1)  is  not  a  true  clover,  but  belongs  to  the  Medicago 
family ,2  being  closely  related  to  alfalfa  and  melilotus.  The  plant  is 
a  native  of  southern  Europe  and  western  Asia.     It  is  a  low,  spread- 

1  Compiled  from  Alabama  College  Sta.  Bui.  165;  Texas  Sta.  Bui.  108.  See  also  XT.  g. 
Dept.  Agr.,  Farmers'  Bui.  147,  p.  23. 

« For  a  full  discussion  of  the  nonperennlal  species  of  this  family  see  U.  S.  Dept.  Agr., 
Bureau  of  Plant  Industry  Bui.  267. 
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ing  annual  that  readily  reseeds  itself  when  left  alone  and  spreads 
slowly  over  old  fields  and  pastures.  It  is  easily  destroyed  in  culti- 
vated crops  and  need  not  prove  a  troublesome  weed  to  the  farmer. 

Bur  clover  seems  to  be  adapted  to  any  territory  in  which  cotton 
can  be  successfully  raised,  and  it  grows  in  all  the  Gulf  and  South 
Atlantic  States.  If  the  plants  become  well  rooted  before  cold  weather 
they  will  stand  a  considerable  freeze,  the  tops,  if  frozen,  renewing 
their  growth  upon  the  resumption  of  warm  weather. 

The  plant  will  grow  on  almost  any  kind  of  soil,  but  makes  its  best 
growth  on  rich,  well-limed,  sandy  loams.    On  poorly  drained  soils, 

which  are  frequently  acid  and 
cold  and  not  favorable  to  the 
development  of  nitrogen-fixing 
bacteria, the  clover  is  often  "scat- 
tering and  small  and  of  a  yellow, 
sickly  color;  but  as  the  soil  be- 
comes better  drained,  sweeter, 
and  more  completely  inoculated, 
the  clover  becomes  thicker  and 
makes  a  heavier  growth." 

Artificial  inoculation  is  neces- 
sary for  the  successful  growth  of 
bur  clover  unless  the  land  has 
grown  California  bur  clover, 
melilotus,  or  alfalfa. 

A  very  satisfactory  way  to  secure 

this  necessary  inoculation  is  to  sow 

the  seed  in  burs.    These  are  harvested 

by    sweei)ing    them    up   with    a   stiff 

broom,  which  brings  together  the  dirt 

and  litter  which  contain  the  bacteria 

peculiar  to  bur  clover.    When  the  seed 

„      ^      „       ,  and  litter  are  sown  they  carry  inocu- 

PiG.  1. — Bur  clover. 

lation  into  the  new  soil.     Hulled  or 

recleaned  seed  do  not  carry  the  bacteria  In  a  satisfactory  quantity. 

Soil  from  fields  of  bur  clover,  alfalfa,  or  melilotus  scattered  broadcast  at 
the  rate  of  400  or  500  pounds  per  acre  at  the  time  of  seeding  is  a  very  satis- 
factory way  of  introducing  the  bacteria,  provided  the  cost  of  labor  to  handle 
end  transport  this  soil  is  not  too  great.  If  this  soil  can  be  obtained  close  at 
hand  and  at  small  expense,  it  will  doubtless  pay  to  put  it  with  the  burs,  thereby 
Increasing  the  chances  for  better  inoculation  and  of  improved  crops  the  first 
year.  If  the  soil  has  to  be  transported  a  long  distance  and  is  expensive  to 
handle,  the  amount  per  acre  may  be  reduced  to  200  or  300  pounds. 

When  soil  is  used  for  inoculating  purposes  it  should  be  mixed  with  the  seed 

and  sown  when  the  sun  is  not  shining,  as  sunshine  may  kill  the  bacteria.    It 

has  also  been  found   that  a  good  application  of  well-rotted   stable  manure 

assists  in  the  development  of  bacteria  and  of  the  first  year's  growth  of  clover; 
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southern  bur  clover  requires  two  or  three  years  for  the  soil  to  become  suffi- 
ciently Inoculated  to  assure  a  maximum  stand  and  growth. 

The  uses  of  southern  bur  clover  are  many.  It  makes  an  excellent  pasture 
for  all  kinds  of  live  stock.  For  forage  purix)ses  it  yields  some  hay,  though  the 
tendency  of  it  to  fall  down  when  planted  alone  makes  Its  mowing  difficult. 
By  planting  it  in  combination  with  grain  it  is  forced  to  grow  more  upright, 
and  mowing  becomes  an  easy  operation. 

Probably  the  greatest  use  of  southern  bur  clover  is  that  of  soil  improvement 
In  winter,  when  the  cotton  and  com  fields  are  usually  bare,  a  green  cover 
crop  of  clover  would  lessen  the  loss  of  fertility  by  washing  and  leaching,  and 
at  the  same  time  it  would  add  to  the  soil  a  large  quantity  of  atmospheric 
nitrogen. 

FOB  PASTURE. 

Southern  bur  clover  forms  an  excellent  i>asture  in  early  spring  and  late 
winter  for  sheep,  cattle,  hogs,  and  horses.  At  first  the  animals  may  not  like 
the  faste  of  the  clover,  but  if  they  are  put  on  it  while  it  is  tender  and  other 
green  feed  is  scarce,  a  relish  for  it  may  soon  be  acquired. 

Enough  animals  should  be  kept  on  a  clover  i)asture  to  keep  it  eaten  down 
closely.  Close  grazing  will  not  destroy  it  but  will  keep  it  tender.  Even  sheep, 
which  are  the  closest  grazers  of  our  ordinary  domestic  animals,  do  not  eat 
it  so  closely  that  It  will  not  reseed  itself. 

The  seeds  germinate  after  the  fall  rains  begin  and,  If  the  season  is  warm, 
light  grazing  will  be  furnished  before  the  hard  part  of  winter.  During  the 
warm  spells  of  the  winter  and  early  spring  the  clover  grows  rapidly  and  often 
furnishes  good  pasturage.  In  this  latitude  it  offers  its  maximum  grazing  in 
the  middle  of  spring.  As  the  grass  comes  up  under  the  clover  the  stock  quit 
the  cloVer  and  take  to  the  tender  grass. 

The  amount  of  pasturage  furnished  ver  acre  by  southern  bur  clover  during 
Its  growing  season  will  compare  favorably  with  our  best  native  grasses. 

Southern  bur  clover,  so  far  as  the  writer  knows,  has  never  caused  cattle  to 
bloat,  though  it  belongs  to  the  class  of  plants  that  cause  this  trouble.  Before 
they  are  accustomed  to  grazing  the  clover  it  might  be  well  not  to  put  them  on 
it  when  they  are  very  hungry  or  when  the  clover  is  wet  with  dew  or  rain. 

Southern  bur  clover  grows  well  on  Bermuda  sod.  Late  In  the  spring  the 
grass  becomes  very  tender,  because  it  is  shaded  and  fertilized  by  the  clover. 
As  the  clover  dies  down  the  Bermuda  grows  rapidly.  It  is  believed  that  its 
fertilizing  effect  upon  the  grass  Is  equivalent  to  a  top-dressing  of  barnyard 
manure.  Another  noticeable  benefit  of  bur  clover  to  the  sod  is  the  shading  and 
smothering  effect  on  early  weeds  that  Infest  pastures. 

There  are  two  common  methods  of  seeding  southern  bur  clover  on  Bermuda 
sod.  First,  the  burs  are  scattered  broadcast  over  the  sod  in  August  or  Sep- 
tember, and  the  fall  rains  wash  them  into  the  low  places  and  pockets,  where  the 
seeds  germinate  and  grow ;  however,  this  method  of  seeding  does  not  secure  a 
uniform  stand. 

The  second  method  Is  to  oi)en  parallel  furrows  about  4  or  5  feet  apart  with 
a  small  scooter  plow  and  drop  or  scatter  the  burs  In  these  at  the  rate  of  1  to  2 
bushels  per  acre,  depending  upon  the  thickness  of  stand  desired  the  first  year. 
The  seed  is  covered  by  dragging  a  brush  or  drag  harrow  across  the  open 
furrows. 

This  thin  seeding  will  not  furnish  much  grazing  the  first  year,  but  it  will  give 
enough  plants  to  grow  an  abundant  seed  for  the  second  crop,  and  future  seeding 
will  take  care  of  itself. 
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POB  HAY. 

The  spreading  habit  of  southern  bnr  clover  and  Its  tendency  to  fall  down  will 
prevent  its  common  use  as  a  hay  crop.  However,  hay  can  be  made  of  it  if  it 
is  planted  very  thickly  on  highly  fertilized  soil.  But  the  best  way  to  make  a 
hay  crop  of  it  is  to  sow  it  with  fall  grain. 

Southern  bur  clover  and  oats  or  wheat  may  be  planted  together  In  September 
or  October.  Three  to  six  bushels  of  burs  and  2^  bushels  of  red  rustproof  oats 
or  li  bushels  of  some  early  wheat  should  be  seeded  per  acre.  By  crowding  the 
grain  and  clover  together  the  clover  is  forced  to  grow  upright  and  a  larger 
amount  is  harvested. 

Cutting  and  oaring. — The  time  for  mowing  southern  bur  clover  for  hay  is 
when  its  blooms  are  appearing  abundantly.  If  the  cutting  is  not  done  at  the 
proper  time  the  plants  fall  down,  and  that  portion  which  is  next  to  the  grouad 
sheds  its  leaves,  becomes  woody  and  dark,  and  the  market  value  of  the  hay  is 
lowered. 

If  grain  and  clover  are  combined  for  hay  they  should  be  mowed  when  the 
grain  is  in  the  milk  stage.  If  allowed  to  stand  much  longer  the  straw  of  the 
grain  becomes  woody  and  Is  not  so  palatable. 

Curing  of  clover  alone  is  not  difficult.  After  the  dew  is  off  the  mower  may  be 
started  and  run  until  noon.  Before  the  dew  appears  in  the  evening  the  morning 
cutting  should  be  raked  from  the  swath  to  a  windrow,  where  It  may  lie  for  one 
or  two  days.  Then,  if  racks  ♦  ♦  ♦  are  available  the  hay  may  be  put  on 
them  and  cured  ready  for  baling  without  further  handling.  If  the  clover  is 
allowed  to  remain  In  the  swath  a  long  time  it  becomes  dj^r  and  brittle  and  loses 
many  leaves,  which  form  a  valuable  part  of  the  hay. 

A  mixture  of  clover  and  grain  cures  rapidly  in  the  swath,  because  the  clover 
Is  held  apart  by  the  straw  which  permits  the  air  to  circulate  freely  through  the 
hay.  After  curing  two  or  three  days  in  the  swath  it  may  be  raked  and  thrown 
on  racks  to  remain  until  It  is  completely  cured. 

Feeding  value. — In  two  experiments  at  the  Alabama  station  bur 
clover  alone  gave  a  yield  of  3,493  pounds  of  hay  per  acre.  Bur  clover 
in  a  mixture  of  crimson  clover  and  oats  gave  a  yield  of  5,520  pounds 
per  acre  of  hay.  These  yields  were  obtained  on  land  that  in  ordinaiy 
seasons  produces  a  bale  of  cotton  per  acre.  The  soil  was  well  limed 
and  inoculated. 

Chemical  analysis  of  bur-clover  hay  showed  water  7.59  per  cent, 
crude  fat  4.22  per  cent,  crude  protein  19.5  per  cent,  crude  fiber  25.7 
per  cent,  and  ash  9.89  per  cent.  This  analysis  shows  that  bur  clover 
ranks  very  high  in  protein  and  fat.  When  cut  at  the  right  stage 
and  carefully  cured  it  yields  a  hay  which  compares  well  with  the 
best  cowpea-vine  or  clover  hay. 

AS  A  SOIL  IMPBOVEB. 

Probably  tbe  greatest  value  of  this  clover  to  the  southern  farmer  is  its  use 
as  a  winter  cover  crop  and  a  soil  improver.  During  the  winter  it  makes  cou- 
siderable  growth  and  utilizes  the  soluble  plant  foods  that  might  be  washed  or 
leached  from  the  soil.  Masses  of  fine  roots  penetrate  and  hold  the  soil  tt»gether 
during  the  heavy  winter  and  spring  rains  and  prevent  surface  washing.  In  tbe 
spring  the  roots  rapidly  decay  and  add  humus  to  the  soil. 
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Southern  bur  clover  like  other  legumes  has  the  ability  to  gather  niirogen  from 
the  air  and  put  it  in  the  soil  by  means  of  nitrogen-gathering  bacteria.  The 
tubercles  or  nodules  on  the  clover  roots  may  be  compared  to  fertilizer  factories 
which  gather  [nitrogen]  from  the  free  and  unlimited  supply  of  [the  atmosphere] 
and  manufacture  It  Into  plant  food.  In  order  that  the  bacteria  In  the  nodules 
may  get  an  unlimited  supply  of  nitrogen  the  air  must  circulate  freely  through 
the  soil ;  this  necessitates  good  drainage  and  thorough  cultivation. 

Nitrogen  Is  the  most  expensive  element  of  plant  food  In  commercial  fertilizers. 
By  the. use  of  bur  clover  and  other  legumes  the  farmer's  bill  for  commercial 
fertilizer  may  be  greatly  reduced. 

A  crop  of  bur  clover  producing  3,490  pounds  of  hay  leaves  approximately 
1,375  pounds  In  stubble  and  roots,  if  crimson  clover  may  be  used  as  a  basis  of 
calculation.  From  chemical  analysis  of  bur-clover  roots  and  stubble  made  at 
this  station  It  was  found  that  the  roots  and  stubble  from  a  crop  of  3,500  pounds 
of  hay  put  In  the  soil  about  20  pounds  of  nitrogen.  This  amount  of  nitrogen  Is 
equal  In  round  numbers  to  133  pounds  of  nitrate  of  soda  or  266  pounds  of  cotton- 
seed meal. 

The  entire  growth  of  clover  may  be  plowed  under  in  the  spring  as  a  fertilizer ; 
or  It  may  be  cut  for  hay  or  grazed,  and  the  remaining  part  of  the  plant  turned 
under  for  soil  Improvement 

Southern  bur  clover  makes  its  most  rapid  growth  in  April  and  May.  There 
is  a  tendency  among  farmers  to  plow  it  under  too  late  In  the  spring  and,  as  a 
result  of  the  late  plowing,  the  land  Is  often  poorly  prepared,  crops  are  not 
planted  at  the  proper  time,  and  their  cultivation  Is  made  difficult.  A  period 
of  two  to  three  weeks  Is  needed  for  the  soil  to  settle  down,  then  a  second  plowing 
and  harrowing  should  be  given  the  land  before  planting  a  crop  of  cotton  or  com. 

The  practice  of  sowing  southern  bur  clover  In  cotton  and  corn  fields  as  a 
catch  crop  offers  many  advantages  over  the  leaving  of  fields  bare  through  the 
winter.  The  soil  may  be  prevented  from  washing  and  leaching,  and  at  the  same 
tUne  atmospheric  nitrogen  and  other  organic  matter  be  added.  The  fields  may 
furnish  late  winter  and  early  spring  pastures  In  addition  to  the  soil  Improve- 
mait 

The  seed  in  burs  Is  sown  at  the  rate  of  3  to  6  bushels  per  acre,  depending  upon 
the  amount  of  seed  available  and  its  cost.  When  they  are  grown  on  the  farm, 
the  burs  and  trash  may  be  raked  up  and  scattered  over  the  land  liberally. 

The  best  time  for  seeding  southern  bur  clover  In  the  burs  Is  August  and  Sep- 
tember. The  rains  wash  the  burs  down  Into  the  middle  of  the  rows  and  cover 
them  with  soil.  Those  falling  in  depressions  and  on  damp  soil  will  soon  ger- 
minate, while  those  falling  on  high  places  may  not  germinate  till  the  late  fall 
rains.    Those  germinating  late  will  not  make  much  growth  before  spring. 

A  better  practice  Is  to  sow  the  seed  In  the  cotton  and  the  corn  middles  and 
cover  it  wltli  a  heel-scrape  or  spring-tooth  cultivator.  By  using  short  singletrees 
and  wrapping  the  traces  little  damage  Is  done  to  the  cotton  or  com.  If  the  cot- 
ton is  open  the  seeding  may  follow  the  pickers  without  much  loss. 

GBOWING  AND  HARVESTING  SEED. 

The  greatest  problem  for  the  farmer  to  solve  in  introducing  southem  bur 
clover  on  hfs  farm  Is  the  matter  of  securing  seed  cheaply.  At  present  very  few 
farms  are  growing  seed  for  the  market.  Scarcely  enough  seed  is  obtainable  at 
the  present  time  to  supply  a  limited  number  of  farms. 

The  scarcity  of  southem  bur  clover  seed  is  due  largely  to  the  difficulty  in  har- 
vesting it.    At  present  no  machine  has  been  made  that  will  do  satisfactory  work. 
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The  invention  of  an  Inexpensive  huller  would  greatly  encourage  the  growth  of 
more  seed.  Until  these  problems  have  been  solved  the  method  of  seeding  In 
burs  will  be  followed,  which  is  desirable  where  inoculation  of  the  soil  must  be 
done  at  the  time  of  seeding. 

Most  of  the  seed  for  sale  is  harvested  by  sweeping  or  scra4>ing  it  together 
with  stiff  brooms  after  the  plants  have  died  down.  This  method  gathers  not 
only  the  seed  but  stems  and  other  litter  and  soil  and  makes  a  bulky  mass  to 
ship.  If  the  seed  is  to  be  used  on  the  farm  where  it  is  grown  the  matter  of 
bulk  is  of  little  consequence.  It  may  be  raked  up,  hauled,  and  scattered  upon 
the  land  to  be  seeded.  To  avoid  interference  with  weeds  and  grass  the  seed 
should  be  gathered  as  soon  as  the  plants  die  down. 

Probably  the  best  way  for  the  average  farmer  to  supply  himself  with  seed 
is  to  grow  a  small  seed  patch.  A  small  area  of  fertile  soil  may  be  set  aside 
for  this  purpose.  It  should  be  well  prepared,  highly  fertilized  with  stable 
manure,  well  limed,  and  seeded  at  the  rate  of  8  to  10  bushels  of  burs  per  acre. 
In  case  of  a  poor  growth  the  first  year  the  plants  should  not  be  destroyed  but 
allowed  to  mature  their  seed.  In  the  early  autumn  another  dressing  of  stable 
manure  should  be  applied,  the  seed  evenly  scattered  over  the  ground,  and 
covered  smoothly  with  an  Acme  or  spring-tooth  harrow.  The  second  year  the 
yield  of  seed  will  be  greatly  increased.  Growers  have  reported  yields  of  from 
75  to  150  bushels  of  seed  in  burs  per  acre.  A  bushel  of  seeds  in  burs  weighs 
10  pounds. 

BESEEBING. 

Southern  bur  clover  produces  large  quantities  of  seed.  The  plants  die  down 
in  the  spring  and  leave  the  seed  on  the  ground  where  it  remains  through  the 
summer.  When  the  fall  rains  come  the  seeds  in  the  low  places  germinate  and 
begin  their  growth  without  any  further  preparation  of  soil.  After  the  seed 
has  matured  the  land  may  be  plowed  and  planted  to  some  other  crop,  as  cotton, 
com,  etc.  The  cultivation  necessary  for  these  hoed  crops  will  not  destroy  the 
clover  seed;  at  the  proper  time  the  seed  will  come  up  and  make  a  cover  crop. 
It  has  been  observed  that  it  continues  to  come  up  each  ftdl  for  two  or  three 
years. 

Some  farmers  leave  balks  In  clover  sod  In  the  spring  when  they  prepare  the 
land  for  cotton  and  com  and  plow  out  the  balk  after  the  clover  seed  has 
matured.  Where  the  rows  are  made  wide  this  is  a  very  satisfactory  way  to 
secure  reseeding.    A  2-foot  balk  will  grow  an  abundance  of  seed. 

The  balk  system  must  be  employed  with  care.  On  hard  clay  lands  the  balk 
may  become  weedy  and  dlflJcult  to  manage;  especially  is  this  probable  if  the 
season  is  extremely  dry  or  extremely  wet. 

For  crops  like  cowpeas,  sorghum,  peanuts,  and  sweet  potatoes,  bur  clover 
will  mature  its  seed  in  time  for  the  land  to  be  plowed. 

IMPEOVING  THE  TYPE  OP  SHEEP  POE  THE  SOUTHWEST/ 

Each  type  of  domesticated  animal  can  thrive  with  the  aid  of  mart 
under  a  wide  range  of  conditions,  but  the  best  development  of  any 
breed  or  type  of  live  stock  can  never  be  obtained  unless  that  type 
possesses  the  natural  qualifications  which  render  is  specially  fitted  to 
the  environment  in  which  it  is  to  be  maintained.  Thus,  it  is  not  to 
be  expected  that  the  breeds  of  sheep  best  suited  to  cold  and  humid 


1  Compiled  from  Arizona  Sta.  Bui.  69. 
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climates  will  be  best  adapted  to  the  subtropical  conditions  of  the 
southwestern  United  States. 

Sheep  raising  has  grown,  largely  through  a  process  of  natural 
selection  and  adaptation,  to  be  a  very  important  agricultural  industry 
in  this  region.  Arizona,  for  example,  ranks  thirteenth  in  the  size  of 
flocks,  and  "of  the  52,362,000  sheep  (1912)  in  the  United  States, 
valued  at  $181,170,000,  about  1,510,000,  valued  at  $6,493,000,  are 
found  in  Arizona,"  but  there  is  great  opportunity  for  improvement 
both  in  wool  production  and  mutton  quality.  The  predominating 
blood  of  the  native  stock  in  Arizona  is  Merino,  but  the  average  clip 
of  fine  short-staple  wool  is  only  6  pounds,  and  the  shrinkage  in 
scouring  is  stated  to  be  about  65  per  cent.  A  characteristic  type  of 
native  sheep  is  the  light-shearing  Navajo,  of  which  numerous  flocks 
are  found  on  the  Navajo  Reservation  in  Arizona  and  New  Mexico. 
These  furnish  a  long,  rather  coarse-staple  wool,  which  is,  however, 
of  great  value  to  the  native  weavers.  Rambouillet  rams  were  intro- 
duced into  these  native  flocks  some  years  ago  in  order  to  increase 
the  wool  production,  but  the  results  have  been  more  or  less  disap- 
pointing, the  shortening  of  the  long  staple  of  the  sheep  working  much 
harm  to  the  blanket  industry.  The  introduction  of  the  Oxfords  and 
Shropshires  to  improve  the  mutton  quality  of  the  range  sheep  has 
proved  of  little  value  because  of  the  high  mortality  of  sheep  of  this 
type,  both  on  the  range  and  in  the  warm  valleys,  where  they  succumb 
to  the  sheep  botfly.  Moreover,  the  climatic  conditions  which  exist 
render  the  rams  sluggish  and  ineffective  in  begetting  a  high  per- 
centage of  lambs. 

In  order  to  secure  an  improved  sheep  adapted  to  the  conditions  of 
the  region  the  Arizona  Experiment  Station  has  been  crossing  natives 
with  other  types.  The  most  successful  crosses  made  thus  far  have 
been  those  obtained  with  Tunis  sheep,  which  came  originally  from 
the  dry  climates  of  northern  Africa.  The  crosses  with  thjs  heat-hardy 
stock  seem  to  possess  special  advantages  over  the  native  sheep  for 
southern  Arizona,  including  tolerance  of  hot  weather,  resistance  to 
the  sheep  botfly,  good  range  qualities,  and  excellent  reproductive 
qualities,  combined  with  better  wool  and  a  larger  yield  of  mutton. 

In  a  recent  bulletin  of  the  Arizona  station,  which  contains  an 
account  of  the  sheep  in  Tunis  and  Algeria  and  the  crosses  obtained 
with  native  Arizona  sheep,  F.  W.  Wilson  states  that — 

In  breeding  a  successful  type  of  sheep  for  Arizona  conditions  It  Is  necessary 
t6  Improve  (1)  their  breeding  capacity  or  ability  to  produce  a  high  percentage 
of  ucrease;  (2)  their  constitution  or  fitness  for  the  peculiar  conditions  of  a 
Hot,  semlarld  country;  (3)  their  herding  qualities;  and  (4)  the  production  of 
a  heavy  clip  of  good  wool.  Although  mutton  quality  is  generally  considered 
secondary  to  wool  production,  it  must  not  be  overloolied  where  range  lambs 
are  to  be  produced  for  the  early  market 
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He  distinguishes  between  types  adapted  to  the  valleys  and  those 
adapted  to  the  range. 

The  ideal  type  for  the  irrigated  valleys  should  have  five  essential  charac- 
teristics: (1)  The  ability  to  give  a  profitable  clip  of  wool;  (2)  to  produce  good 
mutton  lambs;  (3)  to  breed  with  regularity  at  any  season  of  the  year;  (4)  to 
withstand  the  extreme  heat  of  summer;  and  (5)  to  be  active  and  alert,  so  as 
to  adjust  itself  better  to  adverse  conditions  of  climate  and  health.  In  cooler 
and  more  humid  countries  the  modem  improved  mutton  breeds  leave  little  to 
be  desired,  but  the  native  sheep  pt  the  Southwest  possess  better  constitutions 
and  adapt  themselves  more  readily  to  adverse  conditions  than  do  the  Oxfords, 
Shropshires,  Dorsets,  or  Hampshires  that  have  been  under  observation  at  the 
station  farm.  The  native  sheep  of  Arizona  have  been  bred  for  wool  production, 
and  do  not  possess  mutton  conformation.  They  are  small  and  do  not  dress  out 
an  entirely  satisfactory  carcass.    ♦    ♦    ♦ 

Since  the  annual  production  of  wool  Is  expected  nearly  to  pay  the  expense  of 
keeping  the  fioclss,  leaving  the  lambs  as  profit,  the  ideal  animal  must  be  a  heavy 
producer  of  both  wool  and  mutton.    ♦     ♦     ♦ 

The  ideal  type  should  thus  conform  more  to  the  medium-wool  mutton  breeds 
than  to  the  long-wool  mutton  breeds.     ♦    ♦     ♦ 

The  body  should  be  well  covered  with  a  dense  fleece,  medium  in  fineness  and 
length ;  face  and  legs  should  be  bare,  so  as  not  to  suffer  from  the  awns  of  fox- 
tall  in  the  eyes  or  burs  on  the  legs;  the  belly  should  be  well  covered  and  retain 
its  wool  permanently.    The  annual  clip  should  be  not  less  than  10  iK)unds. 

The  head  should  be  short,  well  carried,  and  broad  between  the  eyes:  muzzle 
wlde^  ind  prominent ;  face  and  legs  black  or  dark  in  color ;  ears  fairly  long  and 
pendent;  horns  absent,  although  scurs  are  not  objectionable.  The  breast  should 
be  bropd,  deep,  and  prominent ;  shoulders  well  set,  smooth,  and  prominait :  body 
well  filled  and  of  good  girth  behind  the  shoulders;  ribs  well  arched;  loins  well 
covered  and  of  good  width;  across  the  hips  level,  carried  well  forward  and 
smooth ;  hind  quarters  long  and  straight,  with  a  good  leg  of  mutton  carried  well 
down. 

The  body  should  be  of  great  depth,  and  the  bone  fine ;  the  general  form,  as  is 
found  in  the  ideal  types  of  all  beef  and  mutton  breeds,  should  be  rectangular 
or  square,  with  legs  well  set ;  hocks  should  t>e  gently  sloping ;  pasterns  and  feet 
neat ;  and  hind  quarters  larger  than  fore  quarters.  The  animal  should  be  sym- 
metrical throughout,  giving  a  pleasing  appearance. 

A  vigorous  constitution  should  be  shown  by  a  large  heart  girth  and  by  depth 
and  width  of  the  fore  quarters,  as  well  as  by  carriage  and  activity. 

Since  the  sheep  botfly  abounds  in  the  warm  irrigated  valleys,  the  ideal  type 
should  be  quick  and  alert  in  keeping  it  at  a  distance  by  stamping  in  the  dust. 
They  should,  however,  be  neither  so  wild  nor  so  timid  as  to  interfere  with 
putting  on  flesh. 

The  ideal  ewe  for  valley  conditions  should  be  ready  to  breed  as  soon  as  the 
lambs  are  weaned  late  in  the  spring,  so  that  yeaning  will  take  place  in  the  fall 
or  early  in  the  winter.  The  lambs  should  mature  early,  so  as  to  be  ready  for 
the  early  market. 

The  ideal  type  of  sheep  for  the  range  should  possess  four  essential  character- 
istics: (1)  The  ability  to  give  a  profitable  clip  of  wool;  (2)  to  produce  good 
mutton  lambs;  (3)  to  herd  together  well  in  large  numbers;  and  (4)  to  poss«w 
a  good  constitution.  The  wool-producing  character  should  predominate  to  even 
a  greater  ex«tent  than  with  the  valley  type.  They  should  clip  from  12  to  14 
pounds  annually.    Although  mutton  is  a  secondary  consideration,  they  should 

532 


Digitized  by 


Google 


EXPERIMENT  STATION   WORK,  LXXV.  21 

be  large  and  mature  fairly  early,  so  as  to  produce  early  lambs  and  a  good 
dressed  carcass.  Since  on  the  range  herding  in  large  bands  and  frequent  mi- 
gration from  one  range  to  another  are  necessary,  herding  qualities  are  essential 
in  the  Ideal  type.  They  should  also  possess  a  constitution  suiting  them  to  the 
hardships  of  the  range,  especially  intense  heat  and  continued  drought 

The  description  of  the  ideal  type  of  range  sheep  would  be  as  follows:  The 
bead  should  be  medium  in  size  and  short ;  eyes  large  and  clear ;  ears  medium  in 
size  and  covered  with  hair.  The  face  should  be  covered  with  short,  fine  hair; 
nostrils  wide;  and  muzzle  smooth  and  white.  The  neck  should  be  short,  thick, 
and  well  rounded  into  the  shqulders;  shoulders  smooth  and  wide  at  the  top. 
The  top  and  bottom  lines  should  be  parallel;  depth  over  heart  marked;  loins 
thick  and  wide;  pelvic  arch  smooth  and  not  elevated.* 

The  fore  quarters  and  hind  quarters  should  be  uniform  in  size  and  smooth- 
ness ;  chest  wide  and  deep ;  ribs  well  sprung ;  flanks  full  and  carried  down  well ; 


Pig.  2. — American -Tun  is  ram  used  In  Arizona  Station  sheep-breeding  experiments. 

hips  large  and  wide,  rounded  rather  than  sloping.     The  legs  should  be  well 
placed,  smooth  and  wide  apart,  and  medium  in  length. 

The  fleece  should  be  long,  dense,  elastic,  and  strong.  When  opened  it  should 
show  a  bright,  oily  luster.  The  wool  should  cover  the  body  entirely,  excepting 
the  face  and  lower  part  of  the  legs. 

The  characteristics  of  the  types  used  in  the  Tunis-native  crosses  at 
the  Arizona  station  were,  in  brief,  as  follows : 

American  Tunis. — Desirable  characters:  Hardy,  breed  at  any  season,  herd 
well,  early  maturing,  active,  and  long  wool.  Undesirable  characters:  Small 
size,  and  coarse-staple  wool. 

Native. — Desirable  characters :  Hardy,  herd  weU,  active,  and  flne-staple  wool. 
Undesirable  characters :  Do  not  breed  at  all  seasons,  not  early  maturing,  small 
size,  and  short  wool. 

The  crossing  of  Tunis  rams  (fig.  2)  on  native  ewes  has  resulted  in  a  type  of 
sheep  which  in  many  respects  shows  marked 'improvement  over  both  the  com- 
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ponent  breeds.  As  this  experiment  develops  along  the  lines  laid  down  under 
the  general  plan  of  breeding  further  improvements  are  expected  to  become  ap- 
parent, as  has  been  indicated  by  the  first  crop  of  second-generation  lambs 
yeaned  late  in  the  spring  of  1911,  into  which  Shropshire  blood  has  beoi 
introduced. 

The  first-generation  Tunis-native  lambs  are  vigorous,  active,  and  early  matur- 
ing. Their  vigor  is  indicated  by  the  very  low  mortality  at  yeaning  time  and 
by  their  general  good  health  and  ability  to  withstand  adverse  conditions  of 
climate  and  surroundinga  Their  activity  enables  them  to  feed  over  consid- 
erable areas  of  scant  pasture  and  to  protect  themselves  against  the  sheep 
botfiy,  and  their  early  maturing  qualities  have  made  them  especially  valuable 
for  the  production  of  early  lambs. 

The  general  conformation  of  the  cross  is  on  the  order  of  the  Tunis,  with 
improved  quality  of  wool.  The  large  tail  of  the  Tunis  is  greatly  reduced  in 
tlie  first  generation,  and,  by  close  docking,  the  fat  that  otherwise  would  have 
formed  in  the  heavy  tail  is  placed  more  advantageously  on  other  portions  of 
the  carcass.  Of  nearly  200  Tunis-native  lambs  only  2  have  been  of  the  same 
type  as  the  dam.  The  first  generation  shows  uniformly  in  conformation,  in 
characteristics  of  the  fleece,  and  in  weight. 

The  fleece  of  the  flrst-generatlon  Tunis-native  has  a  staple  longer  than  that  of 
the  native  dam  and  somewhat  shorter  than  that  of  the  Tunis  ewe,  but  is  still 
rather  coarse  and  mixed  with  a  few  long  hairs.  It  is,  however,  an  improve- 
ment over  that  of  both  Tunis  and  native  as  regards  quantity,  and  over  the 
Tunis  as  regards  quality.  While  the  yolkiness  of  the  fleece  is  greater  than 
was  expected,  this  may  be  attributed  to  abundance  of  feed  and  to  the  peculiar 
climatic  conditions  of  the  warm  irrigated  valleys. 

The  superior  mutton  qualities  of  the  Tunis-native  over  the  native 
is  also  easily  apparent.  The  lambs  have  been  uniform  in  conforma- 
tion and  size,  they  mature  earlier  than  either  the  native  or  the 
Shropshire-native,  dress  to  advantage,  and  furnish  mutton  of  excel- 
lent quality.  The  rams  were  alert  and  active  on  the  range  and  begot 
a  much  greater  yield  of  lambs  than  the  Oxford  rams  of  the  same  lot. 

It  is  evident,  therefore,  that  "  improvement  has  been  effected  in 
both  wool  production  and  mutton  conformation.  The  breeding  quali- 
ties and  constitution  have  been  improved,  the  production  of  early 
lambs  assured,  and  the  excellent  herding  qualities  of  the  native  types 
have  not  been  lessened." 

The  work  is  an  illustration  of  the  value  of  selecting  as  foundation 
breeding  stock  for  any  region  types  which  are  already  accustomed  to 
the  soil,  climatic,  and  other  conditions  which  exist  in  the  new 
environment. 

COMBATINO  FLIES.' 

With  the  widespread  realization  of  the  fact  that  flies  spread  dis- 
eases as  well  as  cause  almost  intolerable  annoyance,  there  has  devel- 

1  Compiled  from  Rpt.  State  Ent.  Minn.,  14  (1911-12),  p.  62;  Minn.  State  Ent.  Clrc. 
24,  1912;  Jour.  Econ.  Ent.,  4  (1911),  No.  5,  p.  418;  5  (1912),  No.  6,  p.  400;  6  (1913). 
No.  1,  p.  110;  Trop.  Agr.  and  Mag.  Ceylon  Agr.  Boc,  38  (1912),  No.  4,  p.  332;  Queens- 
land Agr.  Jour.,  29  (1912),  No.  2,  p.  191.  Consult  also  U.  S.  Dept.  Agr.,  Fanners'  Bui. 
459. 
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Fig.  3. — Cross  section  of  the  Min- 
nesota fly  trap. 


oped  a  demand  for  eflBcient  means  of  abating  or  controlling  the 

nuisance. 
The  use  of  formaldehyde  (or  formalin)   seems  to  offer  one  such 

means.     R.  I.  Smith,  of  the  North  Carolina  station,  found  that  1 

ounce  (2  tablespoonfuls)  of  formalin  (40 

per  cent  formaldehyde)  in  16  ounces  (1 

pint)  of  a  mixture  of  equal  parts  of  milk 

and  water  in  shallow  dishes  with  a  piece 

of  bread  in  the  center  for  the  flies  to 

light  on,  proves  very  attractive  and  de- 
structive   to   the    flies,    especially    when 

placed  on  the  front  and  back  porches  of 

houses.     It   is  less   effective  when   used 

inside  the  house,  although  the  method  was 
used  with  gopd  re- 
sults in  ridding  dai- 
ries of  flies. 

E.    E.    Green,    of 
Celon,  has  used  the 

following  method  with  success:  Fill  a  soup  plate 
with  damp  sand,  cover  with  a  disk  of  blotting 
paper,  spread  sugar  on  the  blotting  paper,  and 
sprinkle  it  with  a  mixture  of  1  part  of  formalin 
(40  per  cent  formaldehyde)  with  20  parts  of 
water. 

Various  forms  of  fly  traps  have  been  used  with 
good  results.  F.  L.  Washburn,  of  the  Minnesota 
station,  describes  an  efficient  and  easily  con- 
structed form  of  trap  (fig.  3),  as  follows: 

The  trap  Is  24  inches  long,  12  Inches  high,  and  8  inches 
wide.  The  upper  part  (c),  which  may  be  oval  or  rec- 
tangular as  preferred,  serves  as  a  receptacle  which  the 
flies  enter  through  the  opening  in  the  top  of  the  middle 
portion  (6)  made  of  ordinary  mosquito  wire  screen  and 
shaped  like  the  roof  of  a  house.  Under  this  is  the  base 
board  (o),  upon  which  rest  two  tin  bait  pans.  The 
space  between  the  base  board  and  the  middle  iwrtlon  Is 
about  one-half  inch,  and  between  this  and  the  bait  pans 

^'a  ta'^'^T  ^^^Y'  through  which  flies  enter  pans,  about  one-fourth  of  an 

use  in^  windows.'^     ^^  ^^^^     Stale  meat,   bread,  and  milk  are  used  as  bait. 

The  trapped  flies  are  killed  by  Immersing  in  hot  water. 

The  essential  details  of  a  successful  fly  trap  devised  by  C.  F.  Hodge 
especially  for  use  in  windows  of  dairies,  stables,  markets,  etc.,  are 
shown  in  figure  4.    This  shows  that — 

At  the  bottom  is  a  crack,  about  a  quarter  of  an  inch  wide,  running  the  length 
of  both  sides.  This  crack  admits  the  flies  to  a  space  covered  by  a  ridge  or  roof 
of  screen  wire  with  holes  large  enough  for  flies  to  go  through  (punched  with  an 
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ice  pick)  every  2  inches.  Large  pans  of  fly  bait — fish  heads,  poultry  cleanings, 
brewers*  waste,  blood,  or  anything  available  which  is  found  on  the  premises  to 
attract  flies  can  be  set  on  the  bottom  board  and  thus  establish  a  whirlwind 
focus  for  all  the  flies  about  the  place.  The  other  essential  in  the  construction 
is  the  fold  or  folds  in  the  screen  walls.  These  are  simply  folds  or  open  pleats 
running  horizontally  across  the  trap,  pointing  upward  and  inward.  The  flies, 
in  trying  to  get  in  or  out  of  the  window,  collect  in  these  folds,  run  back  and  forth 
in  them  until  they  pop  through  one  of  the  holes  which  occur  every  2  inches,  and 
they  have  never  been  seen  to  find  a  hole  on  the  convex  inside  surface  of  the 
wrinkle  and  crawl  down  and  out  again. 

This  trap  is  built  in  a  frame  which  fits  closely  in  a  window,  pref- 
erably on  the  best  lighted  side  of  the  building. 

{^32 
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LETTEE  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  March  J3,  191S. 
Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for  publication 
as  a  Fanner's  Bulletin  a  manuscript  entitled  "  Good  Seed  Potatoes  and  How  to 
Produce  Them,"  prepared  by  Prof.  William  Stuart,  Horticulturist,  of  the  Office 
of  Horticultural  Investigations  and  Arlington  Experimental  Farm. 

This  is  a  timely  publication,  setting  forth  a  method  of  securing  improved 
potato  seed,  which  is  very  greatly  needed  In  this  country. 
Respectfully, 

B.    T.    (J  ALLOW  AY, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture, 
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INTEODUCTION. 

A  study  of  the  statistical  data  upon  potato-crop  production  in 
the  United  States  for  the  last  45  years  ^  reveals  the  interesting  fact 
that  during  the  first  5-year  period,  1868-1872,  the  average  per  acre 
yield  in  bushels  was  practically  the  same  as  that  of  the  last  5-year 
period,  1908-1912,  the  yield  for  the  earlier  period  being  94.8  as 
against  96.1  bushels  for  the  latter  cycle.  The  intervening  5-year 
periods  show  a  fairly  uniform  decline  in  each  direction,  reaching  its 
lowest  level  between  1888  and  1892.  This  period  happens  to  be  the 
intermediate  one  of  the  5-year  cycles  studied.  We  are  practically 
at  the  same  point  in  acre  production  as  were  our  forefathers.  Our 
increased  production  has  therefore  been  due  to  larger  acreage  rather 
than  to  higher  yields. 

Table  I  shows  and  the  accompanying  diagrams  (figs.  1  to  4)  also 
show  in  a  graphic  way  the  average  acre  yields,  the  farm  price  per 
bushel,  the  acreage  grown,  the  total  production  of  potatoes,  and  also 
the  population  of  the  United  States  during  the  nine  5-year  cycles 
studied.  In  the  construction  of  these  diagrams  it  has  not  been  feasi- 
ble to  employ  the  same  scale  in  any  two  of  them  owing  to  the  great 
difference  in  the  magnitude  of  the  figures  treated.  A  careful  study 
of  the  first  diagram  (fig.  1).  in  which  the  acreage  yield  and  farm 
price  per  bushel  are  given,  shows  that  the  acreage-production  curve, 
if  drawn  on  the  chart,  would  somewhat  resemble  the  curve  of  a 
scimitar  blade,  in  which  the  extreme  ends  of  the  blade  represent  the 
maximum  vields  for  each  half  of  the  curve. 


Table  I.- 


-Averages  of  acreage  production,   bushels  per  acre,  and  farm  imce 
for  potatoes,  in  5-year  periods,  1868  to  lOlZ, 


Five-year 

Number 

Bushels 

Bushels 

Farm  price 

period. 

of  acres. 

produced. 

per  acre. 

per  bushel. 
CffUs. 

186a-1872 

1,246,200 

117,745.800 

94.8 

54.9 

1873-1877 

1,529,800 

134, 773, 200 

88.0 

Si^.^ 

187^1882 

1,934,200 

150.706,200 

7K.4 

59.5 

1883-1887 

2,284,000 

175,197,800 

76.9 

48.3 

188a-1892 

2,619,200 

193,32.5,000 

73.7 

50.7 

1893-1897 

2,720,000 

213,461,800 

77,8 

44.6 

1898-1902 

2,716,000 

220.849,400 

81.2 

49.5 

1903-1907 

3,014,200 

289,399,800 

95.9 

56.3 

1908-1912 

3,566,400 

343,587,600 

96.1 

62.3 

The  gradual  decline  in  yields  during  the  first  half  of  this  period 
is  thought  to  be  largely  due  to  the  following  factors: 

(1)  The  ravages  occasioned  by  the  Colorado  potato  beetle  during  the  early 
period  of  its  Invasion  of  the  eastern  United  States. 
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(2)  The  financial  depressions  of  1877  and  1893,  which  brought  about  a  well- 
niarlsed  decline  in  agriculture  in  New  England,  New  York,  and  the  other  heavy  . 
potato-producing  areas  of  the  northeastern  United  States. 

(3)  A  gradual  depletion  of  soil  fertility. 

Of  the  factors  which  have  checked  the  downward  tendency  and 
contributed  most  largely  toward  a  return  to  the  old  production  level 
the  following  are  thought  to  have  been  most  potent : 

(1)  The  Influence  of  the  agricultural  experiment  stations,  agricultural  col- 
leges, and  the  United  States  D^artment  of  Agriculture  through  experimenta- 

'tion,  demonstration,  and  dissemination  of  literature. 

(2)  The  influence  of  the  Bordeaux-mixture  treatment  in  the  control  of 
fungous  diseases  affecting  the  potato. 
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Fig.  1. — Diagram  showing  the  average  number  of  bushels  per  acre  and  the  average  farm 
price  per  bushel  of  potatoes  grown  In  the  United  States,  by  5-year  periods,  1868  to  1912. 

(3)  The  development  of  special  potato-growing  sections,  as,  for  example, 
Aroostook  County,  Me.,  the  Atlantic  Coastal  Plain  truclcing  region,  the  Greeley 
and  Carbondale  districts  of  Colorado,  and  many  other  areas,  In  which  the 
average  yield  is  approximately  from  two  to  three  times  the  general  average  for 
the  United  States. 

Figures  1  to  4  show  a  comparison  of  the  relation  of  increased  pro- 
duction to  a  constantly  increasing  population.  The  diagrams  show 
that  under  normal  conditions  production  is  keeping  pace  with  popu- 
lation. Crop  shortages  are,  therefore,  the  result  of  abnormal  or 
unfavorable  conditions. 

In  comparing  the  average  crop  production  of  potatoes  in  the  United 
States  with  that  of  Germany  and  Great  Britain,  one  can  not  but  be 
impressed  with  the  fact  that,  generally  speaking,  we  have  much  yet 
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to  learn  before  we  can  raise  our  average  to  that  of  these  two  countries. 
During  the  years  1901  to  1910,  inclusive,  the  average  acre  yield  of 
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Fig.  2.  -Diagram  showing  the  average  potato  acreage  of  the  United  States,  by  li-year 

periods,  1868  to  1912. 

both  Germany  and  Great  Britain  was  approximately  200  bushels, 
while  that  of  the  United  States  was  not  quite  93  bushels. 
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Fig.  3. — Diagram  showing  the  average  potato  production  of  the  United  States,  by  5-year 

periods,  1868  to  1912. 

Of  the  many  causes  which  operate  to  produce  a  low  average  potato 
yield  in  this  country,  poor  seed  is  thought  to  be  an  important  one. 
The  American  potato  grower  pays  too  little  attention  to  his  seed 
potatoes.    The  European  growers,  especially  those  of  Great  Britain 
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Fig.  4. — Diagram  showing  the  population  of  the  United  States,  by  decades,  1870  to  IJMO. 

and  Germany,  pay  very  strict  attention  to  the  quality  and  quantity 
of  seed  they  use.  This  has  led  to  the  differentiation  of  the  potato 
industry  into  seed  and  crop  specialists.    The  seed  specialist  makes  a 
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business  of  producing  high-quality  seed,  while  the  crop  specialist 
produces  a  high-grade  table  potato.  No  such  differentiation,  at  least 
to  the  same  extent,  occurs  in  this  country.  It  is  true  that  in  certain 
sections  we  now  have  a  well-developed  seed-potato-growing  industry, 
but  comparatively  few  growers  in  these  secticms  are  paying  sufficient 
attention  to  the  elimination  of  diseased  and  unproductive  strains  or 
to  keeping  the  variety  grown  free  from  mixture  with  other  varieties. 
It  is  believed,  however,  that  the  time  is  ripe  for  demanding  a  better 
grade  of  seed  potatoes  than  is  now  generally  obtainable  from  either 
seedsmen  or  growers. 

WHAT  CONSTITUTES  OOOD  SEED? 

The  question  of  what  constitutes  good  seed  is  a  vital  one,  and  possi- 
bly no  two  persons  would  fully  agree  in  every  particular  upon  this 
point.  It  would  seem,  however,  that  the  following  factors  play  an 
important  role:  Pure  seed  from  productive  plants,  not  overripe,  uni- 
form in  size  and  shape,  firm  and  sound,  with  first  sprouts  just  show- 
ing at  planting  time.  Seed  of  such  quality  if  furnished  suitable  cul- 
tural conditions  will  seldom  fail  to  produce  a  remunerative  crop.  A 
conservative  estimate  of  the  increase  that  might  be  expected  from  the 
use  of  high-gra*de  seed  is  certainly  not  less  than  10  per  cent.  Such  an 
increase  based  on  the  average  of  the  past  five  years  would  amount  to 
over  thirty-four  and  one-fourth  million  bushels,  having  an  approxi- 
mate valuation  of  $21,000,000. 

PXJEE  SEED. 

The  importance  of  securing  pure  seed  of  a  given  variety  is  best 
appreciated  by  the  southern  truck  grower,  who  at  the  present  time 
is  practically  dependent  on  northern-grown  seed  potatoes  for  his  early 
crop.  It  frequently  happens  that  Irish  Cobbler  seed  potatoes  as  ob- 
tained from  Maine  have  anywhere  from  5  to  10  per  cent,  or  even 
more,  of  mixture.  Generally  this  mixture  is  of  a  much  later  matur- 
ing variety.  The  trucker  plants  this  seed  very  early,  much  of  the 
planting  in  the  Norfolk  trucking  region  being  done  in  the  latter  half 
of  February.  At  this  season  of  the  year  there  is  little  warmth  in  the 
soil;  hence,  the  later  maturing  varieties  are  slower  in  starting  into 
growth  than  is  the  earlier  maturing  Irish  Cobbler.  The  result  is  an 
uneven  germination  and  few,  if  any,  tubers  of  the  later  varieties  have 
set  when  those  of  the  Irish  Cobbler  are  ready  for  the  early  market 
The  grower  aims  to  harvest  as  soon  as  most  of  the  tubers  have  reached 
a  'merchantable  size.  It  requires  little  imagination  to  see  that  the 
grower  is  a  direct  loser  in  proportion  to  the  amount  of  mixture  in  the 
seed  planted.  If  his  yield  is  60  to  90  barrels  per  acre,  with  a  5  pfer 
cent  mixture  he  has  sustained  a  loss  of  from  3  to  4^  barrels,  or  6  to  9 
barrels  if  a  10  per  cent  mixture  was  present.    Usually  the  price  of 
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early  potatoes  ranges  from  $3  to  $5  per  barrel,  the  highest  price  being 
obtained  for  the  first  lots  harvested.  Assuming  that  the  first  half  of 
his  crop  is  marketed  at  an  average  price  of  $4  a  barrel,  allowing  40 
per  cent  of  the  gross  receipts  for  production,  package,  transportation, 
and  commission  charges,  the  grower  has  sustained  a  net  money  loss  of 
$7.20  to  $21.60  per  acre.  The  loss,  while  relatively  smaller  on  the 
remainder  of  the  crop,  is  by  no  means  insignificant. 

SEED  FROM  PBODVCTIVE  PLANTS. 

Comparatively  little  attention  has  as  yet  been  given  to  the  subject 
of  the  productiveness  or  unproductiveness  of  certain  strains  of  plants 
within  a  variety.  It  is  believed  that  this  is  a  very  important  factor 
in  the  production  of  large  yields,  as  in  any  variety,  if  studied  closely, 
many  unproductive  plants  may  be  found.  This  assumption  is  amply 
substantiated  in  the  results  secured  from  investigations  undertaken 
by  the  Office  of  Horticultural  Investiga):ions  and  Arlington  Experi- 
mental Farm  during  the  seasons  of  1911  and  1912.  During  the  season 
of  1911  certain  selections  were  made  from  strong  and  weak  plants 
which  were  being  grown  on  the  tuber-unit  basis.  A  record  was  made 
of  the  number  and  weight  of  the  large  and  small  tubers  in  each  selec- 
tion, and  from  these  five  of  the  best  were  selected  for  planting  in 
1912.  The  results  obtained  in  1912  fully  corroborate  those  of  1911, 
and  the  accompanying  data  give  the  average  yields  from  the  strong 
and  weak  plants  of  the  12  varieties  studied  : 

Strong  tuber  unit8=3.28  pounds  ol*  primes;  1.18  pounds  of  culls.    Total, 

4.46  pounds. 
Weak  tuber  unlt8=0.20  pound  of  primes;  0.51  i)ound  of  culls.    Total,  0.71 

pound. 

The  strong  plants  gave  over  sixteen  times  as  large  a  yield  of 
primes  or  merchantable  tubers  and  only  a  little  over  twice  as  many 
culls  as  did  the  weak  plants.  The  proportion  of  small  tubers  would, 
without  doubt,  have  been  materially  reduced  if  the  vitality  of  the  low- 
yielding  plants  had  not  been  so  w^eakened  that  in  many  instances  no 
tubers  were  produced.  These  weakened  plants  were  in  many  cases 
affected  by  the  disease  described  by  W.  A.  Orton  ^  as  the  "  curly 
dwarf."  This  is  a  hereditary  physiological  disease  which,  as  shown 
by  these  experiments,  can  be  eliminated  by  the  method  of  tuber-unit 
selection. 

The  data  also  showed  another  interesting  fact,  the  importance  of 
which  is  brought  out  in  the  discussion  of  another  phase  of  the  ques- 
tion of  good  seed,  and  this  was  with  respect  to  the  average  weight  of 
the  primes  and  culls.  It  wks  found  that  the  average  weight  of  the 
large  tubers  from  the  strong  plants  was  5.3  ounces  as  against  3.8 

1  Orton,  W.  A.     Proceeding!!,  American  Phytopathlc  Society,  Feb.,  1913. 
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ounces  from  the  weak  ones,  while  in  the  case  of  the  small  tubers  the 
weights  were  1.7  and  1.1  ounces,  respectively. 

The  set  of  photographs  shown  in  figure  5  represent  strong  and 
weak  tuber  units  of  the  (iold  Coin  variety  pf  potatoes.  Xos.  1  and  2 
show  the  units  as  they  appeared  in  the  field  in  1911.  Nos.  3  and  4 
show  the  tubers  produced  by  each  of  these  units,  and  Xos.  5  and  C 
show  the  yield  in  1912  from  five  tuber  units  of  the  1911  crop.  Xos. 
1,  3,  and  5  represent  the  strong  plants,  and  Xos.  2,  4,  and  6  the  weak 


Fig.  5. — Strong  and  weak  tuber  units  of  the  Gold  Coin  variety  of  potatoes :  Nos.  1  and  2 
represent  strong  and  weak  tuber  units  in  1911 ;  Nos.  3  and  4  represent  yields  from 
tuber  units  Nos.  1  and  2 ;  Nos,  5  and  6  i-epresent  yields  In  1912  from  five  tuber  units 
of  Nos.  'A  and  4. 

plants.    The  average  yield  from  these  plants  for  1911  and  1912  was 
as  follows: 

Strong  i)lants=3.2  pounds  of  primes;  1.77  pounds  of  culls.     Total,  4.97 

pounds. 
Weak    plants=0.2   pound   of  primes;   O.OS   iwund   of  culls.     Total,  0.88 
I)ound. 

The  two  grouj)s  of  tubers  in  Xos.  5  and  0,  figure  5,  represent  the 
primes  and  culls.  All  tubers  weighing  3  ounces  or  more  were  classed 
as  primes,  while  all  under  {his  weight  were  considered  culls. 

The  accompanying  diagram  (fig.  0)  presents  the  differences  in 
yield  in  a  striking  manner. 

In  considering  the  results  of  this  investigation  it  should  be  borne 
in  mind  that  a  comparison  of  two  extremes  simply  serves  to  illus- 
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Irate  in  a  more  forcible  manner  the  desirability  of  securing  seed  from 
vigorous,  healthy,  and  productive  plants. 

The  investigations  of  Waid  *  at  the  Ohio  Agricultural  Experi- 
ment Station  clearly  deitionstrate  the  superiority  of  selected  over 
unselected  seed.  Waid  compared  seed  from  productive  plants  with 
that  from  unselected  stock  and  from  low-yielding  plants.  The  aver- 
age yield  of  100  hills  during  the  seasons  of  190i,  1905,  and  1906  was 
as  follows: 

High-yloldlnj?  seed 13.S  iwiinds. 

Unselected   seed 110  imiinds. 

Ix>w-yleldlnK  8t»ed TBinmnds. 

The  gain  in  favor  of  the  high-yielding  plants  over  the  unselected 
and  low-yielding  plants  was  25.4  and  89  per  cent,  respectively. 

While  the  results  secured  by  Waid  are  doubtless  higher  than  might 
be  expected  under  average  conditions,  they  serve  to  emphasize  the 
value  of  seed  selection.  Some  interesting  data  have  recently  been 
published  by  Burritt*  upon  the  methods  pursued  in  seed  selection 
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Flo.  6. — Diagram  showing  the  average  yields  from  strong  and  weak  tuber  units,   1911 

and  1912. 

and  also  of  the  yields  secured  by  T.  E.  Martin,  of  West  Rush,  X.  Y. 
Mr.  Martin  maintains  a  seed-selection  plat  from  which  all  weak  or 
imperfect  plants  are  rigidly  removed.  At  harvesting  time  the  crop 
from  the  selection  plat  is  sorted  into  two  grades,  "  specials "  and 
'*  selects."  The  specials  must  weigh  not  less  than  12  ounces  each, 
must  have  well-developed  seed  and  stem  ends,  and,  furthermore,  must 
be  true  representatives  of  the  variety  grown,  which  is  exclusively  the 
Sir  Walter  Raleigh.  The  selects  include  all  that  do  not  pavss  as  spe- 
cials but  that  are  of  good  size  and  shape,  all  unshapely  or  undersized 
tubers  being  discarded.  The  specials  are  used  to  ))lant  the  seed  ))hit 
the  ensuing  season  and  the  selects  to  plant  the  general  field  crop. 

The  value  of  the  method  is  well  attested  by  the  crops  produced. 
The  average  production  on  an  18-acre  basis  for  the  past  nine  years, 
1901  to  1909,  has  been  282  bushels  per  acre.  The  highcvSt  seasonal 
yield  during  this  period  was  417  bushels,  and  the  lowest  238  bushels. 


»  Waid,  C.  W.     Ohio  .\grlcultural  Experiment  Station.  Bulletin  174. 
>  Burrltt,  M.  i\     Farmers'  Bulletin  454,  pp.  16-22. 
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10  GOOD  SEED  POTATOES  AND  HOW   TO  PRODUCE   THEM. 

These  yields  are  being  secured  in  a  locality  where  the  general  average 
is  approximately  150  bushels  per  acre. 

XHHATTTBE  SEED. 

The  superiority  of  immature  over  mature  tubers  for  seed  purposes 
is  not  as  yet  recognized  by  the  American  potato  grower.  The  Euro- 
pean growers,  on  the  other  hand,  have  long  realized  that,  other 
things  being  equal,  larger  crops  can  be  produced  from  immature  seed 
than  from  mature  seed.  The  results  of  some  experiments  conducted 
on  the  trial  grounds  of  Sutton  &  Sons,  Reading,  England,^  support 
this  assumption. 

The  average  production  of  eight  varieties  grown  from  12  sets  of 
munature  and  mature  seed  was  as  follows : 

Immature  seed =212  pounds  of  table  stock ;  49  pounds  of  seed ;  9^  i>ound8 

of  cuUs.    Total,  270.5  pounds. 
Mature  seed-=105  pounds  of  table  stock ;  39  't)ounds  of  seed ;  12i  i>ound8 

of  culls.    Total,  156.5  iwunds. 

Expressed  in  percentage  there  was  a  gain  in  favor  of  immature 
seed  of  more  than  100  per  cent  for  table  stock  and  a  total  gain  of 
over  72  per  cent. 

While,  as  has  been  stated,  little  attention  has  been  given  to  the  iise 
of  immature  seed  as  such  by  the  American  grower,  yet  in  an  un- 
conscious way  immature  seed  is  being  used  to  a  very  large  extent, 
especially  by  the  southern  truck  grower  when  he  uses  northern- 
grown  seed  for  his  early  crop.  This  seed,  especially  that  obtained 
from  northern  Maine,  is  in  a  more  or  less  immature  condition  when 
harvested.  Whether  or  not  a  still  more  immature  condition  would 
give  better  results  remains  to  be  determined. 

VinFOBMITT  IN  SIZE  AND  SHAPE  OF  TIJBESS. 

XTnder  normal  conditions  of  growth  a  large  proportion  of  the 
present-day  commercial  varieties  are  very  variable  in  size  and  shape 
of  tuber.  To  some  extent  both  size  and  shape  are  determined  by  the 
character  of  the  soil,  rate  of  planting,  fertilization,  and  cultural  care 
given  the  growing  crop.  Outside  of  these  modifying  factors,  inherit- 
ance plays  a  very  important  part.  It  has  been  recently  demonstrated 
that  most  varieties  contain  within  themselves  distinct  varietal  strains 
which  when  isolated  behave  in  a  much  more  uniform  manner  with 
respect  to  size  and  shape  than  the  composite  strains  of  which  the 
variety  is  constituted.  All  things  being  equal,  the  variety  or  varietal 
strain  that  produces  a  maximum  number  of  fair-sized  shapely  tubers 
and  a  minimum  number  of  ill-shaped  and  small  tubers  should  prove 
the  most  valuable,  because  it  involves  less  waste  to  both  the  grower 
and  the  consumer.    It  is  particularly  important  at  present  that  such 


1  Sutton  &  Sons.     Potato  Demonstration,  p.  22,  1906. 
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GOOD  SEED  POTATOES  AND  HOW   TO  PRODUCE  THEM.  11 

strains  be  developed,  because  there  is  an  increasing  demand  for  fancy 
table  stock  to  satisfy  the  requirements  of  a  large  and  discriminating 
class  of  consumers  who  are  insisting  on  greater  uniformity  in  size  and 
shape  and  are  willing  to  pay  a  premium  on  such  grades. 

DEVELOPMENT  OF  HIOH-OBADE  SEED  POTATOES. 

By  far  the  simplest  and  most  promising  means  of  developing  high- 
grade  seed  potatoes  is  that  of  the  tuber-unit  and  hill -select  ion  meth- 
ods outlined  below. 

TUBER-UNIT  METHOD.' 

The  tuber-unit  method,  as  now  generally  understood,  consists  in 
selecting  from  the  seed  bin  before  planting  time  a  considerable  num- 
ber of  the  most  perfectly  shaped  tubers  of  from  6  to  8  ounces  in 
weight.  When  planted,  these  tubers  are  quartered,  as  dropped,  into 
four  as  nearly  equal  parts  as  possible.  This  is  done  by  splitting  the 
bud-eye  cluster  in  each  direction  from  seed  to  stem  end  of  the  tuber. 
In  other  words,  the  tuber  is  cut  through  its  longitudinal  axis.  The 
four  pieces  of  each  tuber  are  dropped  coiisecutively  in  the  row  at  a 
distance  of  from  10  to  12  inches  apart  in  the  furrow.  All  tubers 
showing  discoloration  of  the  flesh  or  other  evidence  of  disease  should 
be  rejected.  By  allowing  an  additional  spacing  between  each  set 
of  fours,  the  four  plants  from  each  tuber  are  definitely  isolated  from 
adjoining  ones  and  the  grower  can  readily  observe  any  variation  in 
vigor  and  uniformity  between  the  various  units  planted.  This 
method  also  enables  him  to  detect  any  mixtures  that  may  occur  in 
the  variety.  All  mixtures  should  at  once  be  removed.  By  marking 
those  which  appear  to  be  most  uniform  in  size,  vigor,  and  type  when 
the  plants  are  gtill  in  vigorous  growth,  the  first  step  in  selection  has 
been  accomplished.  At  digging  time  the  product  of  each  unit  is 
separately  harvested  and  a  further  selection  made  from  the  marked 
units  of  all  those  which  most  nearly  approach  the  size,  shape,  and 
smoothness  desired.  These  selected  tubers  should  be  numbered  with 
both  field  and  unit  numbers  and  sepai-ately  placed  in  small  sacks, 
preferably  cotton  or  burlap,  and  stored  to  await  further  examination. 
The  final  examination  should  consist  of  notes  on  the  number  and 
weight  of  merchantable  and  unmerchantable  tubers  and  their  general 
conformity  in  size,  shape,  and  smoothness  to  the  type  desired.  From 
each  of  the  units  retained  10  of  the  best  tubers  should  be  selected  for 
the  next  season's  planting. 

It  is  d^irable  to  maintain  the  study  of  each  selection  on  the  tuber- 
unit  basis  the  following  season,  because  it  permits  a  more  accurate 
comparison  of  the  behavior  of  each.    The  10  selected  tubers  from  each 

^  For  further  information  concerning  the  arrangement  of  a  tuber-unit  selection  plat  and 
a  handy  system  of  note  taking,  see  reprint  of  article  In  Bureau  of  Plant  Industry  Circular 
No.  113,  entitled  **  The  *  tuber-unit '  method  of  seed-potato  improvement." 
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12  GOOD  SEED  POTATOES  AND  HOW  TO  PRODUCE  THEM. 

ori^fial  unit  will  give  40  plants  for  study  the  second  year.  All  selec- 
tions which  do  not  produce  a  reasonably  uniform  lot  of  plants  shoilM 
be  marked  for  rejection.  At  harvest  time  the  progeny  of  each  selec- 
tion should  be  kept  by  itself  and  the  same  data  recorded  as  that  tsikm 
on  the  crop  grown  from  the  original  tuber  unit.  Only  the  prodm* 
from  such  40  hill  rows  as  meet  the  most  rigid  requirements  should  Ife 
retained.  The  further  conduct  of  the  work  will  consist  in  the  mul- 
tiplication of  the  selected  strains  for  field  planting  and  the  elimination 

of  weak  plants. 

HILL-SELECTION  METHOD. 

The  hill-selection  method  consists  in  marking  the  most  promising 
.  plants  during  the  growing  season.  At  harvesting  time  save  only  those 
which  give  greatest  promise.  Keep  the  progeny  of  each  hill  separate 
and  take  the  same  data  as  outlined  for  the  tuber  unit.  Plant  on  the 
tuber-unit  basis  the  following  season.  For  the  sake  of  uniformity  i 
definite  number  of  tubers — 5  or  more — should  be  planted  from  each 
hill  selection.  From  this  point  on,  follow  the  methods  given  in  tuber- 
unit  work. 

BEQUIBEMENTS  FOB  SUCCESS. 

The  only  requirements  for  the  successful  practice  of  these  two 
methods  of  seed  selection  are  a  reasonable  degree  of  painstaking 
effort  on  the  part  of  the  grower,  some  12-inch  garden  labels,  a  small 
pair  of  balances,  a  sufficient  nimiber  of  suitable  small  sacks,  and  a 
safe  place  in  which  to  store  the  selected  tubers  until  required  for  the 
next  season's  planting.  In  addition  to  this,  the  grower  should  have  a 
breeding  plat  in  which  each  season's  selections  can  be  developed  up 
to  the  point  of  field-planting  stock. 

The  selection  or  breeding  plat  need  not  necessarily  be  divorced  from 
the  general  field  plat.  In  most  cases  it  can  be  more  conveniently 
handled  if  it  is  a  part  of  the  regular  field.  All  that  is  required  is  to 
set  aside  as  many  rows  as  may  be  required  to  plant  the  selected  tubers. 
These  should  be  preferably  on  one  side  of  the  field,  so  that  they  can 
be  more  readily  observed.  The  planting  furrows  may  be  opened  and 
the  fertilizer  distributed  with  the  potato  planter  by  removing  the 
disks  and  setting  the  plow  a  trifle  deeper.  If  a  plow  is  used  in  cov- 
ering, care  should  be  exercised  to  avoid  displacing  the  seed  pieces. 

LAKGE  COMPABEB  WITH  SMALL  SEED  TUBEBS. 

In  seasons  of  short  production  and  consequent  high  prices  for  table 
stock,  the  question  is  frequently  raised  as  to  the  advisability  of  using 
the  small  unsalable  tubers  for  seed  purposes.  The  answer  to  this 
question  is  found  in  a  study  of  the  data  secured  from  the  strong  and 
weak  plants.  A  comparison  of  the  merchantable  and  unmerchantable 
tubers  produced  shows  that  the  strong  plants  produced  over  16  times 
as  great  a  weight  of  large  tubers  as  the  weak  plants,  but  only  a  little 
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more  than  twice  as  great  a  weight  of  small  tubers.  It  was  found  also 
that  the  average  weight  of  the  large  tubers  from  the  strong  plants  in 
1912  was  5.3  ounces,  as  against  3.8  ounces  from  the  weak  ones.  The 
small  tubers,  or  culls,  from  the  strong  plants  averaged  1.7  ounces,  as 
agdnst  1.1  ounces  from  the  weak  ones.  From  these  data  it  is  not 
difficult  to  see  that  in  the  use  of  small  tubers  one  would  inevitably  and 
anwittingly  select  a  large  proportion  of  his  seed  from  the  unproduc- 
tive and  weak  plants  and  a  relatively  small  proportion  from  the  pro- 
ductive and  vigorous  ones.  In  this  connection  Ballou  ^  makes  the 
following  statements  regarding  the  use  of  large  and  small  tubers  for 
seed  purposes: 

The  use  of  large  tubers  gives — 

(o)  A  very  heavy,  perhaps  almost  totJil,  percentage  of  the  high-producing 
strains. 

(&)  A  heavy  percentage  of  the  average  or  moderate-yielding  strains. 

(c)  A  very  small  percentage  of  the  inferior  or  low-producing  strains. 
The  use  of  small  potatoes  gives — 

(a)  A  very  Insignificant  percentage  of  the  superior  or  high-yielding  strains. 

(6)  A  small  percentage  of  the  average  or  moderate-yielding  strains. 

(c)  A  very  heavy,  almost  total  percentage  of  the  low-yielding  or  inferior 
strains. 

■  ^ 
The  use  of  small  seed  potatoes  is  only  permissible  when  they  are 

known  to  have  been  produced  by  strong,  healthy,  and  productive 

plants.    It  is  never  advisable  to  use  small  tubers  from  the  general 

maj«  produced  from  imselected  stock. 

WHOLE  COMPAKEI)  WITH  CJJT  SEED. 

The  subject  of  whole  versus  cut  seed  is  one  to  which  considerable 
attention  has  been  paid  at  various  times  by  the  State  agricultural 
experiment  stations.  The  data  which  have  been  accumulated  as  a 
result  of  these  investigations  are  for  the  most  part  conflicting  in  so 
far  as  they  pertain  to  the  use  of  whole  seed.  In  general,  the  data 
given  show  that  within  reasonable*  limits  the  larger  the  seed  piece 
planted  the  larger  is  the  resultant  crop  produced.  English  and 
Scotch  potato  growers  almost  without  exception  plant  whole  tubers. 
The  seed  used  usually  runs  from  IJ  to  2i  inches  in  diameter,  being 
screened  out  of  a  crop  which  as  a  rule  has  been  ^own  especially  for 
seed  purposes.  They  are  harvested  before  they  are  mature,  and  but 
a  relatively  small  proportion  of  the  crop  exceeds  the  size  mentioned. 
These  growers  believe  that  an  earlier  and  more  vigorous  growth  is 
secured  from  immature  tubers. 

Some  of  the  reasons  why  European  growers  have  adopted  whole 
seed  and  are  succeeding  in  producing  profitable  crops  are  as  follows : 
(1)  They  are  assured  of  an  almost  perfect  stand;  (2)  there  is  greater 
freedom  from  disease;   (3)  the  almost  universal  practice  of  germi- 

» Balloa,  F.  H.     Ohio  Agricultural  Experiment  Station,  BuUetln  218,  p.  587. 
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nating  their  seed  before  planting  insures  a  minimum  number  of 
sprouts;  and  (4)  the  greater  fertility  of  their  land  makes  large  yields 
of  medium-sized  tubers  possible. 

Some  of  the  reasons  for  failure  in  the  use  of  whole  seed  in  this 
country  follow:  (1)  The  use  of  small  tubers  from  unselected  stock 
and  (2)  the  development  of  too  many  sprouts,  with  a  consequent 
large  set  of  tubers,  which,  owing  to  lack  of  thorough  preparatiwi  of 
the  soil,  scant  plant  food,  and  moisture,  do  not  reach  a  marketable 
size,  at  least  in  sufficient  numbers  to  produce  a  profitable  crop.  The 
development  of  too  many  sprouts  comes  about  through  planting  tubers 
m  a  dormant  condition,  which  under  favorable  soil  temperature  and 
moisture  starts  almost  every  bud  into  growth. 

Scotch  and  Irish  potato  growers  plant  not  less  than  37  bushels 
of  seed  per  acre,  and  frequently  this  quantity  is  greatly  exceeded. 
The  American  grower,  on  the  other  hand,  plants  from  9  to  16 
bushels  per  acre,  with  an  average  of  from  11  to  12  bushels.  It  is 
believed  that  the  average  potato  production  of  the  United  States 
would  be  very  materially  increased  if  a  larger  quantity  of  seed  were 
used. 

INFLUENCE  OF  POTATO  STOBAOE  ON  THE  QUALITY  OF  THE  SEED. 

The  storage  conditions  necessary  to  insure  vigorous  seed  at  plant- 
ing time  are  more  easily  provided  in  the  North  than  in  the  South. 
In  the  former  region  a  well-constructed  cellar,  pit,  or  cave  serves 
reasonably  well.  The  main  thing  is  to  keep  the  room  temperature 
sufficiently  low  to  retard  germination.  The  ideal  seed  tuber  is  one 
which  has  not  wasted  any  of  its  stored-up  energy  by  excessive  loss 
through  sprouting.  (See  fig.  7.)  It  should  be  firm,  with  the  first 
sprouts  just  showing.  Such  tubers  can  be  depended  upon,  if  suitable 
conditions  prevail,  to  start  quickly  when  planted  and  to  make  a  vigor- 
ous growth. 

The  general  practice  of  securing  seed  from  the  North  by  southern 
growers  involves  in  the  absence  of  suitable  storage  conditions  one  of 
two  things:  Either  getting  the  seed  potatoes  late  in  the  fall  and 
holding  them  over  in  dugouts,  pits,  or  cellars,  with  consequent  sprout- 
ing l)efore  planting*  or  the  risk  of  having  the  seed  chilled,  frozen,  or 
overheated  while  in  transit  in  midwinter.  ( See  fig.  8.)  In  the  writer's 
opinion  the  greatest  need  of  the  large  southern  truck  grower  at  pres- 
ent is  that  of  providing  suitable  storage  facilities  for  handling  fall 
shipments  of  seed  potatoes.  As  a  purely  economic  proposition  the 
proposed  change  ought  to  commend  itself.  In  probably  nine  cases 
out  of  ten  the  difference  in  first  cost  of  these  potatoes  as  between  fall 
and  midwinter  shipments  would  more  than  offset  the  extra  cost  of 
storage,  while  the  added  security  from  danger  of  chilling  or  freezing 
the  shipment  would  still  further  compensate  the  grower. 
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TBEATHENT  OF  SEED  FOB  SCAB. 

It  is  desirable  that  all  seed  should  be  treated  for  scab  prior  to  plant- 
ing. The  formalin  treatment  is  one  of  the  most  effective  agencies 
now  employed  for  scab  disinfection.    The  seed  tubers  should  be  im- 


FiG.  7. — Potatoes  for  seed  purposes,  showing  different  stages  of  germination  :  1,  Desirable  ; 

2,  undesirable. 

mersed  for  two  hours  in  a  solution  containing  1  pint  of  formalin  to 
30  gallons  of  water.  On  removal  from  the  liquid  they  may  be  cut 
and  planted  at  once,  or  they  may  be  spread  out  to  dry  and  stored 
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for  later  use.  The  treated  tubers  should  on  no  account  be  allowed  to 
come  in  contact  with  receptacles,  such  as  old  sacks  and  barrels,  in 
which  diseased  seed  has  been  handled,  as  they  are  almost  certain 
.sources  of  reinfection. 

SVHMABT. 

(1)  Good  seed  is  a  determining  factor  in  the  production  of  maxi- 
mum crops  of  potatoes. 

(2)  Good  seed  may  be  obtained  by  the  tuber-unit  and  hi  11 -select ion 
methods  of  selection  through  the  elimination  of  unproductive  and 
weak  plants. 


Fig.  8. — A  poor  stand  of  Irish  Cobbler  potatoes,  largely  due  to  poor  seed  and  Improper 
^  handling. 

(3)  Like  i)roduces  like.     If  tul)ers  from  unproductive  or  weak 
plants  are  used,  a  similar  harvest  will  be  reaped. 

(4)  All  tubers  showing  marked  discoloration  of  the  flesh  should  be 
rejected. 

(5)  Purity   of  seed   stock   is  an  essential  quality   of  good  seed. 
Serious  losses  are  sustained  by  the  grower  through  mixtures. 

(())   A  more  liberal  use  of  seed  will  generally  result  in  both  in- 
creased production  and  i)rofit. 

(7)  A  good  storage  place  is  essential  in  order  to  insure  sound,  firm 
seed  at  planting  time. 

(8)  The  use  of  high-grade  seed  would  increase  the  returns  from 
the  potato  crop  of  the  country  by  many  millions  of  dollars. 

(9)  All  seed  should  be  treated  with  formalin  before  planting. 
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LEITER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  (7.,  March  11, 1913. 
Sir  :  I  have  the  honor  to  transmit  and  to  recommend  for  publica- 
tion as  a  Farmers'  Bulletin  the  accompanying  manuscript,  entitled 
"  Durum  Wheat,"  prepared  by  Messrs.  Cecil  Salmon,  Plant  Physiolo- 
gist, and  J.  Allen  Clark,  Scientific  Assistant,  under  the  direction  of 
Mr.  Carleton  R.  Ball^  Acting  Cerealist  in  Charge  of  Cereal  Investiga- 
tions. 

This  wheat  is  one  of  the  valuable  plant  introductions  made  by  the 
Department  of  Agriculture.  Its  productiveness  and  resistance  to 
drought  and  disease  have  made  it  a  popular  wheat  in  the  semiarid 
plains,  while  its  value  for  making  flour  and  macaroni  has  finally  over- 
come the  early  opposition  of  the  milling  trade  and  the  prejudice  of 
buyers. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston,   • 

Secretary  of  Agriculture, 
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DURUM  WHEAT. 


IHTEODXTCTION. 

As  far  as  known,  the  first  introduction  of  Russian  durum  wheat 
into  the  United  States  was  by  the  Department  of  Agriculture  in  1864. 
This  and  later  introductions  were  tested  under  humid  conditions, 
which  resulted  in  a  poor  quality  of  grain,  and  they  soon  disappeared 
from  cultivation. 

The  beginning  of  the  durum-wheat  industry  in  this  country  was 
made  in  1898,  when  Mr.  Mark  Alfred  Carleton,  Cerealist  of  the  De- 
partment, went  to  Russia  in  search  of  drought-resistant  cereals  for  the 
dry  lands  of  the  West.  This  search  was  resumed  in  1900.  Many 
varieties  of  durum  wheat  were  obtained,  among  them  the  Kubanka, 
which  has  proved  so  well  adapted  to  the  northern  Great  Plains  afea. 
The  new  introductions  soon  became  popular  among  the  farmers  of 
that  section,  but  the  milling  trade  strongly  opposed  the  grain  on 
account  of  the  difficulty  of  milling  and  the  belief  that  durum  wheat 
was  of  value  only  for  the  making  of  macaroni  and  similar  products. 

Production  increased  so  rapidly,  however,  jumping  from  60,000  or 
70,000  bushels  in  1901  to  about  6,000,000  or  7,000,000  bushels  in  1903, 
and  probably  about  50,000,000  bushels  in  1906,  that  the  development 
of  the  market  did  not  keep  pace  with  the  increased  production.  For 
this  reason  the  price,  which  had  always  been  below  that  of  common 
wheat,  dropped  to  even  lower  levels,  the  difference  sometimes  amount- 
ing to  20  or  25  cents  a  bushel.  This  low  price  so  discouraged  the 
growers  that  the  production  in  1909  was  slightly  less  than  40,000,000 
bushels.  Severe  drought  reduced  the  quantity  produced  to  24,000,000 
bushels  in  1910  and  16,000,000  in  1911.  In  1912  the  production  was 
again  normal  at  about  40,000,000  bushels. 

CHAEACTEEISTICS. 

Botanically,  durum  wheat  {Triticiim  durum)  is  very  closely  related 
to  the  common  wheats  which  comprise  the  principal  wheat  crop  of 
this  country.  The  durum  varieties  are  all  spring  wheats,  at  least  so 
far  as  known.     It  has  been  possible  to  grow  some  of  them  as  winter 
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varieties  at  the  Amarillo  Cereal  Field  Station  in  Texas,  at  the  Nephi 
substation  in  Utah,  and  at  southern  field  stations.  When  thus  fall 
sown,  none  of  them  has  proved  equal  to  the  standard  winter  comm(Hi 
wheats.     . 

Durum  wheat  differs  from  the  other  spring  wheats  in  size  and 
character  of  both  plant  and  grain.  The  plant  is  usually  taller  and 
more  vigorous  than  common  wheat,  has  wider  leaves,  and  generally 
matures  earlier.  The  heads  are  broader  and  more  compact,  and  are 
often  shorter.  The  beards  of  durum  wheat  are  excepticmally  long 
and  stiff,  which,  with  the  shape  and  compactness  of  the  head,  give  the 
plant  much  the  appearance  of  barley,  for  which  it  is  often  mistaken 
by  those  not  familiar  with  the  crop.  The  grains  are  large  and,  as 
indicated  by  the  name  "  durum,"  are  very  hard.  The  usual  color  of 
the  grain  is  clear  amber  as  contrasted  with  the  reddish  color  of  the 
spring  and  winter  common  wheats.  There  are,  of  course,  wide  varia- 
tions between  different  varieties  in  the  size,  shape,  color,  and  general 
appearance  of  both  plant  and  grain.  The  varieties  in  general  culti- 
vation (Kubanka  and  Amautka)  have  smooth  yellowish  chaff  and 
yellowish  beards  and  clear  amber  kernels.  Others  have  black  chaff 
and  black  beards;  the  chaff  may  be  smooth  (Black  Don)  or  velvety 
(Velvet  Don).  There  are  also  numerous  forms  between  these  yellow 
and  black  groups,  and  still  others  with  white  chaff  and  white  beards. 

The  dunim  wheats  are  less  subject  to  smut  and  rust  and  are  more 
drought  resistant  than  the  spring  common  wheats.  On  the  other 
hand;  the  quality  of  the  grain  is  lowered  when  grown  in  humid  areas 
or  in  seasons  that  are  abnormally  wet.  The  compactness  of  the  head 
prevents  rapid  drying  after  rains  or  heavy  dews,  which  makes  durum 
wheat  more  subject  to  attacks  of  scab  in  damp,  rainy  weather. 

The  advantage  nwst  often  claimed  for  durum  wheat  is  its  drought 
resistance.  Having  been  grown  apparently  for  many  centuries  sub- 
ject to  severe  droughts,  it  has  developed  those  qualities  which  make 
it  admirably  fitted  for  such  conditions.  Durum  wheat  owes  its  value 
for  areas  of  low  rainfall  to  its  rapid,  vigorous  growth,  early  maturity, 
resistance  to  drought  and  disease,  and  resulting  productiveness.  On 
the  other  hand,  the  long,  stiff  beards  are  such  a  source  of  discomfort  in 
handling  that  many  farmers  object  to  the  crop. 

VARIETIES. 

The  Department  of  Agriculture  has  introduced  and  tested  a  large 
number  of  varieties  of  durum  wheat.  These  have  been  received  under 
70  or  80  different  names  and  include  more  than  200  separate  importa- 
tions. These  have  been  tested  either  independently  or  in  cooperation 
with  the  State  experiment  stations. 

534 


Digitized  by 


Google 


DURUM   WHEAT.  7 

EXJBANEA  AND   ABNAUTKA  THE  LEADING   VABffiTIES. 

The  Russian  varieties,  Kubanka  and  Amautka  (fig.  1),  have  proved 
generally  superior  to  all  others.  The  Kubanka  has  proved  especially 
well  adapted  to  the  drier  western  portions  of  the  northern  Great 
Plains  area,  while  the  Arnautka  has  proved  best  adapted  to  the  more 
humid  eastern  portion  of  the  same  area.  Tests  conducted  at  the  State 
experiment  stations  at  Brookings,  S.  Dak.,  Fargo,  N.  Dak.,  and  at  the 
Edgeley  and  Langdon  substations  in  North  Dakota  all  show  the 
superiority  of  the  Amautka  variety  for  the  eastern  parts  of  these 


Fni.  1. — Ilpads  of  the  (1)  Kubanka  and  (2)  Arnautka  varieties  of  durum  wheat. 

States  and  for  the  adjacent  portion  of  Minnesota.  On  the  other 
hand,  tests  conducted  at  substations  in  the  central  and  western  por- 
tions of  the  Dakotas  show  an  equal  superiority  for  the  Kubanka. 
These  varieties  have  proved  excellent  yielders  also  in  northeastern 
Colorado  and  in  the  Judith  Basin  of  Montana,  though  closely  related 
varieties,  such  as  Beloturka,  Yellow  Gharnovka,  and  Pererodka,  have 
so  far  slightly  exceeded  them  in  yield. 

An  interesting  and  important  relationship  seems  to  exist  between 
the  adaptation  of  these  varieties  in  the  United  States  and  in  the  Rus- 
sian provinces  from  which  they  were  imported.     In  Russia  the  Ar- 
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nautka  variety  is  largely  grown  only  in  the  territory  bordering  the 
Sea  of  Azov  and  extends  only  a  short  distance  outward  therefrcMn.* 
The  rainfall  near  the  seaeoast  is  about  20  inches  annually,  varying  in 
different  localities  and  decreasing  rapidly  toward  the  interior.  Be- 
yond this  narrow  strip  the  climate  is  drier  and  the  conditions  on  the 
whole  much  more  severe."  In  this  interior  region  the  Kubanka  is 
generally  grown  and  is  a  more  satisfactory  variety. 

The  rainfall  of  the  eastern  portion  of  North  Dakota  and  South 
Dakota,  where  the  Amautka  wheat  has  given  the  best  results,  is 
practically  the  same  as  that  of  the  territory  bordering  the  Sea  of 
Azov.  Westward  in  the  Dakotas  the  rainfall  decreases  as  it  does  out- 
ward from  the  Sea  of  Azov,  and  here^  as  in  Russia,  the  Kubanka 
variety  has  proved  superior. 

The  Kubanka  and  Amautka  varieties  are  very  similar  in  appear- 
ance. Both  have  long  yellowish  beards  and  smooth  yellow  chaff. 
The  grain  of  both  is  of  a  clear  amber  color  and  very  hard.  The 
heads  of  the  Kubanka  are  shorter  and  broader  (see  fig.  1),  and  the 
grain  is  usually  shorter  and  plumper.  It  is  difficult  to  distinguish 
between  the  two  varieties  unless  they  are  grown  side  by  side,  the 
influence  of  different  environments  often  obliterating  varietal  dif- 
ferences. The  differences  in  appearance  of  the  Kubanka  and  Ar- 
nautka  varieties  are  so  small  that  about  the  only  way  a  farmer  can 
be  certain  of  getting  the  one  he  wants  is  to  obtain  seed  from  his  State 
experiment  station  or  some  other  reliable  source.  The  Amautka 
variety  is  usually  more  rust  resistant  than  the  Kubanka,  which  may 
account  for  its  higher  yields  in  eastern  North  Dakota  and  South 
Dakota,  where  rainfall  and  rust  infection  are  greater  than  farther 
west. 

ABEA  TO  WHICH  ADAPTED. 

According  to  the  census  of  1910,  87.5  per  cent  of  the  durum  wheat 
produced  in  the  United  States  in  1909  was  raised  in  North  Dakota 
and  South  Dakota,  and  probably  about  the  same  proportion  holds 
true  for  1910,  1911,  and  1912  (fig.  2).  Minnesota  ranks  third  in 
production,  with  about  7  per  cent  of  the  total  crop.  Practically  all  of 
the  remaining  5  or  6  per  cent  is  grown  in  Nebraska,  Kansas,  Colorado, 
Wyoming,  and  Montana. 

CHIEF  PBODUCING  ABEA. 

The  area  of  greatest  production  is  in  southeastern  North  Dakota 
and  northeastern  South  Dakota,  extending  slightly  into  Minnesota. 
Durum  wheat  was  first  extensively  tested  and  distributed  in  the  area 

1  Carleton,  M.  A.     Macaroni  wheats.     U.  S.  Department  of  Agriculture,  Bureau  of  Plant 
Industry,  Bulletin  3,  1901,  pp.  11,  12. 
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where  it  is  now  most  largely  grown.  The  farmers  of  this  section 
became  acquainted  with  its  value  and  continued  growing  it  when 
others  refused  because  of  the  lower  price  oifered  for  durum  wheat. 
A  second  area  of  smaller  extent  and  much  smaller  production  includes 
northwestern  Kansas,  northeastern  Colorado,  southeastern  Wyoming, 
and  western  Nebraska.     In  other  portions  of  Wyoming  and  also  in 


Fio.  2. — Map  of  a  portion  of  the  United  States  showing  the  acreage  of  durum  wheat     , 
in  1900,  as  reported  by  the  census  of  1910. 

Montana  there  are  certain  districts  where  a  considerable  part  of  the 
wheat  grown  is  durum. 

FACTORS  ATFECTING  INGBEASE  IN  ABEA. 

In  the  western  portion  of  the  Great  Plains  area,  from  western  South 
Dakota  and  adjacent  Montana  south  to  the  Panhandle  of  Texas, 
durum  wheat  comes  into  competition  with  both  winter  and  spring 
conmion  wheats.  The  results  so  far  obtained  show  that  wherever 
winter  wheat  can  be  successfully  grown  it  is  more  satisfactory  than 
any  spring  wheat.  The  introduction  of  hardier  varieties  and  a  better 
understanding  of  the  cultural  requirements  of  winter  wheat  have 
permitted  growing  it  in  areas  formerly  thought  entirely  unsuited  to 
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its  production.  In  many  cases  it  has  almost  entirely  supplanted 
spring  wheat.  In  this  portion  of  the  Great  Plains  area,  tiierefore, 
winter  and  spring  wheat  are  contending  for  supremacy,  with  the 
advantage  in  favor  of  winter  wheat.  It  is  also  an  area  in  the  process 
of  transition  from  the  open  range  to  small  farms  and  ranches.  The 
raising  of  feed  for  live  stock  requires  much  of  the  attention  of  the 
farmer,  and  the  growing  of  mcmey  crops,  such  as  wheat,  is  of  less 
importance  here  than  elsewhere.  These  factors  influence  to  a  great 
extent  the  possible  future  production  of  durum  wheat  in  this  area. 
At  present  the  production  is  very  small  compared  with  that  in  the 
eastern  portion  of  the  Dakotas. 

Much  of  this  portion  of  the  Great  Plains  was  settled  when  the 
difference  iii  price  of  durum  and  common  wheat  was  greatest,  in 
many  cases  sufficient  to  more  than  offset  the  advantage  in  yield  of 
durum  over  spring  common  wheat.  The  strong  dislike  to  growing 
wheat  with  long,  stiff  beards,  such  as  are  present  on  durum  wheat, 
also  often  outweighed  what  was  then  considered  a  questionable  gain 
from  higher  yields  but  lower  prices.  The  difficulty  of  obtaining 
reliable  seed  at  a  reasonable  price  when  wanted  has  often  prevented 
the  growing  of  durum  wheat.  These  are  probably  the  main  reasons 
for  the  relative  unimportance  of  durum  wheat  in  some  districts  where 
it  is  undoubtedly  superior  to  spring  common  wheat  and  where  winter 
wheat  can  not  be  successfully  grown. 

Durum-wheat  production  in  the  future  depends  (1)  upon  the 
extension  of  wheat  as  a  money  crop  in  the  Great  Plains  area: 
(2)  upon  the  extent  to  which  winter  wheat  will  take  the  place  of 
spring  wheat;  and  (3)  upon  the  comparative  prices  of  common  and 
durum  wheat. 

YIELDS.^ 

Experimental  tests  to  determine  the  yield  of  durum  wheat  as 
con>pared  with  common  wheats  have  been  conducted  by  the  Depart- 

^  Most  of  the  data  on  yields  presented  In  figure  3  and  discussed  herein  were  obtained 
from  cooperative  experiments  of  the  OCQce  of  Cereal  Investigations.  Those  for  Hays. 
Kans.,  are  from  unpublished  records  of  the  Office  of  Dry-Land  Agriculture,  which  kindly 
permits  their  use.  Published  results  from  the  State  experiment  stations  were  used  for 
the  following  places: 

Nebraska,  North  Platte. — W.  P.  Snyder  and  W.  W.  Burr,  "  Growing  crops  in  western 
Nebraska,"  Nebraska  Experiment   Station  Bulletin   118. 

South  Dakota,  Brookings. — Clifford  WUUs  and  W.  L.  Burllson,  "  Progress  In  wheat 
investigations,"  South  Dakota  Experiment  Station  Bulletin  128. 

North  Dakota,  Edgelcy, — O.  A.  Thompson,  Annual  Reports,  Edgeley  Experiment  Sob- 
station,  1903  to  1910. 

North  Dakota,  Fargo, — J.  H.  Shepperd  and  O.  O.  Churchill,  "  Cereal  crop  experiments," 
North  Dakota  Experiment  Station  Bulletin  75. 

North  Dakota,  Langdon. — E.  D.  Stewart,  Annual  Reports,  Langdon  Experiment  Sub- 
station, 1909,   1910,  1911. 

Montana,  Billings,  Forsyth,  Olendive,  Great  Falls,  and  Harlem. — Alfred  Atkinson  and 
J.  B.  Nelson,   *'  Dry-farming  Investigations  In  Montana,"  Montana  Experiment  Station 
Bulletin  83. 
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ment  of  Agriculture  and  the  State  experiment  stations  for  several 
years  in  areas  where  it  was  thought  that  durum  wheat  might  be 
adapted.  In  general,  the  duration  and  agreement  of  the  tests  are 
sufficient  to  permit  the  drawing  of  certain  definite  conclusions. 

Figure  3  shows  graphically  the  comparative  yield  of  dunim  and 
spring  and  winter  commcm  wheats  at  a  number  of  stations  in  the 
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Pio.  3. — Comparative  yields  of  durum  and  spring  and  winter  common  wheats  at  10  field 
stations  In  the  Great  riains  area. 

Great  Plains  area.  Owing  to  differences  in  the  duration  and  method 
of  the  experiments,  the  results  at  one  station  should  not  be  directly 
ccMnpared  with  those  at  another. 

As  shown  by  figure  3,  durum  wheat  has  its  greatest  advantage 
in  central  and  eastern  North  Dakota  and  South  Dakota,  where  tlie 
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largest  acreage  is  now  grown.  Eight  years'  results  at  Edgeley, 
N.  Dak.,  and  six  years'  results  at  Highmore,  S.  Dak.,  show  that  the 
best  durum  varieties  produce  on  an  average  from  40  to  50  per  cent 
more  grain  than  is  obtained  from  the  standard  Fife  and  Bluestem 
varieties.  The  difference  is  much  greater  in  dry  seasons,  to  which 
the  durum  wheat  is  better  adapted  than  is  the  common  wheat 

Taking  this  section  as  a  center,  the  advantage  of  durum  over  com- 
mon spring  wheat  decreases  in  a  general  way  as  one  goes  outward. 
In  extreme  eastern  North  Dakota  and  South  Dakota  and  in  western 
Minnesota,  which  constitute  the  more  humid  part  of  the  durum- 
wheat  area,  a  gain  of  from  15  to  25  per  cent  for  durum  wheat  can 
usually  be  obtained.  In  dry  years,  or  when  rust  is  prevalent,  the 
yield  of  durimi  wheat  is  often  double  that  of  the  standard  common 
varieties.  However,  the  growing  of  durmn  wheat  in  this  area  is 
always  at  the  risk  of  a  deterioration  in  quality  of  the  grain,  which  is 
almost  certain  to  occur  in  wet  seasons.  This  fact  must  be  considered 
in  determining  the  final  value  of  durum  wheat  for  this  area. 

Northward  toward  the  Canadian  boundary  the  advantage  of 
durum  wheat  becomes  gradually  less,  though  it  still  outyidds  the 
common  wheats.  The  temperature  and  evaporation  decrease  to  the 
north,  which  makes  the  conditions  more  favorable  for  the  production 
of  common  wheats.  In  Canada,  Fife  and  other  common  wheats  are 
considered  better  than  durum  wheat. 

In  western  North  Dakota  and  South  Dakota  the  results  show  a 
gain  in  yield  for  durum  wheat  of  about  15  per  cent  as  compared 
with  spring  common  wheat.  The  tests  in  Montana,  all  of  which  are 
of  short  duration,  show  that  durum  wheat  outyields  the  standard 
varieties  of  Fife  and  Bluestem  spring  common  wheats,  but  has  been 
exceeded  slightly  by  two  new  varieties,  the  Ghirka  and  the  Galgalos. 
At  the  Amarillo  station  in  the  Texas  Panhandle,  the  Galgalos  has 
also  outyielded  durum  wheat. 

As  previously  stated,  winter  wheat  is  more  profitable  than  durum 
wheat  wherever  it  can  be  successfully  grown  throughout  the  western 
part  of  the  Great  Plains  area.  In  western  North  Dakota,  fall-sown 
wheat  generally  winterkills.  In  western  South  Dakota  and  eastern 
Montana,  tests  of  short  duration  indicate  an  advantage  for  winter 
wheat  in  certain  sections.  From  western  Nebraska  and  eastern  Colo- 
rado southward,  winter  wheat  has  given  uniformly  better  results 
than  any  spring  wheat.  (See  fig.  3.)  The  advantage  of  winter 
wheat  is  greatest  in  central  and  western  Kansas  and  Oklahoma. 

Throughout  this  area,  when  the  soil  is  too  dry  to  permit  the  sowing 
of  winter  wheat  with  safety  or  when  a  stand  is  destroyed  by  winter- 
killing or  some  other  cause,  durum  wheat  may  be  grown  to  advan- 
tage.   It  should  not  be  used,  however,  to  reseed  a  field  of  winter 
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wheat  which  is  only  partially  killed,  as  the  resulting  mixture  is 
more  objectionable  on  the  market  than  a  mixture  of  spring  and 
winter  common  wheat. 

COMFAKATIVE  VALUE. 

The  market  value  of  durum  wheat,  as  of  other  classes,  depends 
upon  supply  and  demand.  In  the  United  States  until  very  recently 
durum  wheat  has  sold  for  less  than  have  equal  grades  of  common 
wheat.  When  introduced  it  was  thought  the  principal  demand 
would  come  from  American  and  foreign  mills  engaged  in  the  manu- 
facture of  macaroni,  and  little  or  no  attention  was  given  the  possi- 
bility of  utilizing  the  flour  for  bread  making.  Soon  after  its  intro- 
duction attention  was  called  to  the  suitability  of  durum  flour  for 


Pig.  4. — ComparatiTe  prices  of  No.   1  durum  and  No.   1  northern  wheats  at  Duluth, 
Minn.,  on  December  1,  for  the  yean  1902  to  1012,  inclusiTe. 

this  purpose  and  its  use  was  strongly  encouraged.  The  development 
of  a  market  has  been  slow,  due  mainly  to  opposition  on  the  part  of 
the  millers.  However,  the  use  of  durum  flour  has  ccmstantly  in- 
creased, especially  for  blending  with  flour  from  softer  wheats.  Amer- 
ican-grown durum  wheat  is  now  being  utilized  to  a  large  extent  for 
this  purpose,  both  in  this  country  and  in  Europe.  The  present 
demand  is  due  mainly  to  this  fuller  appreciation  of  the  value  of 
durum  wheat. 

The  first  quotations  for  durum  wheat  on  the  Duluth  market  were 
in  1902,  the  price  for  the  crop  of  that  year  ranging  about  5  to  10 
cents  below  equal  grades  of  common  spring  wheat.  Figure  4  shows 
that  up  to  1911  the  difference  in  price  has  usually  been  greater  than 
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14  DUBUM  WHEAT. 

that  amount.  The  difference  at  primary  markets  and  at  other  times 
of  the  year  was  often  greater  than  shown  in  the  diagram.  Begin- 
ning with  1908  there  has  been  a  steady  increase  in  value  as  com- 
pared with  conmion  wheat.  The  change  was  small  in  1909  and  1910, 
but  beginning  with  January,  1911,  the  rise  has  been  rapid,  with  few 
downward  fluctuations,  reaching  the  highest  point  in  1912  with  a 
premium  over  the  best  grades  of  hard  common  wheats.^  This  seems 
to  indicate  a  more  permanent  change  in  price  levels  than  would  be 
the  case  if  the  rises  alternated  with  frequent  and  sudden  drops. 

The  market  value  of  durum  wheat  compared  with  conunon  wheat 
in  countries  where  it  is  widely  grown  has  been  pointed  out  in  a 
previous  publication  ^  of  this  Department.  The  trend  of  prices  in 
this  country  lends  special  interest  to  the  subject  at  this  time.  It  has 
been  shown,  for  example,  that  at  least  80  per  cent  of  the  best  bread 
consumed  in  Kussia  is  made  from  Kubanka  durum  flour,  where  this 
wheat  commands  a  higher  price  than  the  hard  common  wheats  of 
that  country  either  for  local  consumptidn  or  export  It  is  of  interest 
to  note  that  durum  wheat  in  Russia  is  still  at  a  premium  over  com- 
mon wheat,  the  price  often  being  as  much  higher  as  it  has  been  lower 
in  this  country.  This  is  not  due  to  a  difference  in  the  quality  of 
wheat  from  the  two  countries,  since  Russia  raises  ccxnmon  wheat 
fully  equal  to  that  produced  in  the  United  States  and  durum  wheat 
that  is  no  better  than  ours. 

Both  durum  wheat  and  the  flour  made  from  it  contain  a  larger 
proportion  of  nitrogenous  or  muscle-building  substances.  It  is 
usually  conceded  that  the  bread  made  from  durum  flour,  or  from 
blends  with  other  flours,  is  both  highly  nutritious  and  palatable. 
Durum  wheiat  weighs  more  to  the  measured  bushel  than  similar 
grades  of  common  wheat,  but  requires  more  power  in  grinding,  as  it 
is  considerably  harder  than  conmion  wheat.  A  like  difference  in 
hardness  exists  between  soft  winter  wheats  and  the  hard  spring  com- 
mon wheats  of  the  Northwest,  yet  no  miller  discriminates  against 
the  latter  on  this  account.  All  available  data  indicate  that  durum 
wheat  has  a  value  at  least  equal  to  that  of  the  best  grades  of  conunon 

wheat. 

TTSES. 

Durum  wheat  is  used  chiefly  in  the  manufacture  of  a  coarse  granu- 
lated flour  called  semolina  and  of  ordinary  flour  for  bread  making. 

^  The  premium  of  durum  wheat  over  bard  sprlQg  common  wheat  has  steadily  increased 
from  the  value  given  on  December  1,  1912,  as  shown  In  figure  4.  On  April  16,  1913, 
No.  1  durum  sold  on  the  Minneapolis  market  at  a  premium  of  64  cents  over  No.  1  north- 
ern, and  on  the  Duluth  market  at  a  premium  of  8i  cents  over  No.  1  northern. 

"Carleton,  M.  A.,  and  J.  S.  Chamberlain.  The  commercial  status  of  dnmm  wheat, 
tr.  S.  Department  of  Agriculture,  Bureau  of  Plant  Industry,  Bulletin  70,  pp.  10-12,  1904. 
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The  flour  is  employed  either  alone  or  in  blends  with  other  flours. 
This  wheat  has  also  a  limited  use  for  cereal  breakfast  foods  and 
during  years  of  large  production  and  low  price  has  often  been  used 
for  stock  feeding.  From  semolina,  the  edible  pastes,  such  as  macaroni 
and  spaghetti,  are  made.  The  consumption  of  these  products  has 
increased  greatly  during  the  past  two  decades,  both  at  home  and 
abroad.  Until  recently  the  quantity  consumed  in  the  United  States 
was  entirely  imported,  but  the  increasing  demand  has  attracted 
manufacturers  and  at  present  about  100,000,000  pounds  of  macaroni 
are  made  annually  from  home-grown  durum  wheat.  This  quantity 
supplies  only  about  one-half  the  demand  for  this  product.  The  in- 
dustry is  growing  rapidly,  however,  and  the  products  are  being 
widely  advertised  as  "the  best  in  the  world,"  "made  in  America 
from  American-grown  wheats,"  etc.  While  these  products  have  wide 
use,  the  demand  is  small  compared  with  that  for  bread. 

Experimental  evidence  has  shown  that  the  best  varieties  of  durum 
wheat,  such  as  the  Kubanka  and  Arnautka,  yield  as  high  a  percentage 
of  flour  as  do  the  best  common  wheats,  although  the  percentage  of 
high-grade  flour  is  less.  The  percentage  of  shorts  is  greater,  while 
that  of  bran  is  less  from  durum  than  from  common  wheat.  The 
hardness  of  the  durum  kernel  increases  the  cost  of  milling.  Millers 
have  estimated  the  cost  of  grinding  to  be  15  cents  a  barrel  more  than 
for  hard  common  wheat.  The  baking  qualities  of  durum  flour  are 
high.  It  contains  more  crude  protein  than  do  the  flours  from  other 
classes  of  wheat.  The  color  of  durum  flour  is  yellower  than  that 
from  other  wheats,  and  by  some  people  this  color  is  held  to  be  ob- 
jectionable. 

When  baking  with  durum  flour  the  only  difficulty  experienced  is 
that  the  dough  is  sticky  and  less  easy  to  handle.  It  is  not  otherwise 
difficult  to  make  good  bread  from  this  flour.  The  bread  is  yellower 
in  color  and  the  volume  of  the  loaf  is  less,  but  the  absorption  or 
strength  of  the  durum  flour  is  in  most  instances  higher  than  that  of 
common  wheat  flours.  This  results  in  more  loaves  from  a  barrel  of 
flour.  The  consensus  of  opinion  is  that  the  bread  has  as  good,  if  not 
better,  flavor  than  bread  from  common  wheat  flour,  for  it  has  a  dis- 
tinct nutty  taste  and  is  slightly  sweeter.  Bread  from  durum  flour 
holds  moisture  better  than  that  from  other  flours. 

Durum  flour  is  of  great  value  in  blends  and  its  use  for  this  pur- 
pose is  increasing.  Excellent  results  in  bread  making  are  obtained 
by  blending  this  flour  with  flours  from  spring  wheat,  hard  winter 
wheat,  and  soft  winter  wheat.  The  successful  blend  does  away  with 
the  stickiness  of  the  dough,  lightens  the  color,  and  increases  the 
volume  of  the  loaf. 
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16  DUBUM   WHEAT. 

CTJLTUEE. 

The  culture  of  durum  wheat  differs  in  no  way,  except  possibly 
in  the  rate  of  seeding,  from  that  of  other  spring  wheats  in  the  same 
area.  Durum  wheat  /tillers  less  than  spring  common  wheat,  and  the 
kernels  are  larger,  so  that  with  the  drill  set  to  seed  at  the  same  rate 
a  thinner  stand  will  be  obtained.  On  the  other  hand,  durum  wheat 
produces  more  kernels  to  each  head,  which  at  least  partially  makes 
up  for  the  thinner  seeding.  A  common  practice  is  to  seed  about  1 
peck  heavier  than  is  usual  with  common  wheat,  though  some  seed 
at  the  same  rate.  The  best  rate  of  seeding  depends  largely  upon 
the  local  conditions  of  soil,  moisture,  and  seed  bed.  With  good 
seed  and  favorable  conditions,  from  3  to  5  peeks  per  acre  will  give 
the  best  average  results. 

IMPBOVEMENT  OF  THE  CBOP. 

The  expansion  of  the  durum-wheat  industry  depends  in  part  upon 
a  continued  effort  for  the  improvement  of  the  crop,  both  in  yield  and 
in  quality.  Further  importations  may  prove  of  value,  but  the  work 
already  accomplished  has  shown  the  superiority  of  certain  varieties 
and  their  adaptation  to  distinct  sections.  As  a  rule,  farmers  will 
find  it  to  their  advantage  to  grow  only  those  varieties  which  have 
proved  to  be  the  best.  It  is  very  seldom  that  new  varieties  offer  any 
advantages.  Pure  seed  of  the  best  variety  should  be  obtained  and 
kept  as  pure  as  possible.  If  thorough  cleaning  and  grading  of  the 
seed  is  practiced  each  year  the  yield  and  quality  of  the  crop  will 
be  maintained.  Enough  of  this  seed  should  be  carried  over  from 
year  to  year  to  guard  against  its  complete  loss  in  case  of  crop  failure. 
Good^  home-grown  seed  is  usually  better  and  much  safer  than  that 
of  unknown  or  distant  origin.  Durum-wheat  seed  should  not  be 
allowed  to  become  mixed  with  the  common  wheat,  as  such  mixtures 
are  very  objectionable  to  the  millers  and  result  in  materially  reduced 
prices  for  the  crop. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

WasUngton,  D.  C,  March  19, 191S. 

Sm:  I  have  the  honor  to  transmit  herewith  an  article  on  sugar  and 
its  value  as  food,  prepared  by  Mrs.  Mary  Hinman  Abel,  who  has  made 
an  extended  study  of  the  subject,  taking  into  account  the  results  of 
laboratory  research  as  well  as  household  experience.  The  work  of 
the  Bureau  of  Chemistry  of  the  department  has  been  drawn  upon, 
and  also  the  results  of  nutrition  investigations  of  the  Office  of  Experi- 
ment Stations. 

Sugar  is  an  important  and  useful  foodstuff,  and  information  regard- 
ing it  is  very  commonly  requested  from  the  department.  It  is  be- 
lieved that  this  summary  of  available  information  concerning  sugar 
and  its  value  as  food  will  prove  useful  to  housekeepers  and  others 
interested  in  the  subject. 

The  bidletin  is  similar  in  its  general  character  to  other  farmers' 
bulletins  on  the  nature  and  use  of  food  materials  and,  like  them,  has 
been  prepared  under  the  general  supervision  of  C.  F.  Langworthy, 
chief  of  nutrition  investigations  of  the  Office  of  Experiment  Stations. 

In  its  present  form  this  bulletin  is  an  extension  and  revision  of  an 
earlier  farmers'  bulletin  (Farmers'  Bulletin  93,  ''Sugar  as  Pood"), 
which  it  is  designed  to  replace. 

A.  C.  True,  Director. 

Hon,  David  F.  Houston, 

Secrdary  of  Agfioulbife. 
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SUGAR  AND  ITS  VALUE  AS  FOOD, 


IHTEODUCTIOlSr. 

The  pleasant  flavor  of  sugar,  together  with  what  is  now  known  of 
•its  nutritive  value,  will  account  for  its  great  popularity  as  a  food.  It 
may  almost  be  said  that  people  eat  as  much  sugar  as  they  can  get, 
and  that  the  consumption  of  sugar  in  different  countries  is  in  general 
proportional  to  their  wealth. 

The  English-speaking  people  are  the  largest  consumers  of  sugar. 
In  1910  England  consumed  86.3  pounds  per  capita  and  the  United 
States  81.6  pounds,  although  still  larger  amounts  are  said  to  be  con- 
sumed in  sugar-growing  districts,  largely  in  the  form  of  the  ripe  cane. 
Denmark  that  year  consumed  77.7  pounds  per  capita;  Switzeriand, 
64.3  pounds;  and  Germany,  France,  and  Holland  each  about  40 
pounds;  while  in  Italy,  Greece,  and  Servia  the  rate  was  only  about 
7  pounds  per  capita.  The  consumption  of  sugar  is  everywhere 
increasing. 

CHEMICAL  COMPOSITION  OF  SUGABS. 

The  term  "sugar,^'  as  here  used  without  qualification,  means  the 
ordinary  sugar  of  commerce,  the  chemical  name  of  which  is  sucrose. 
Because  this  was  first  manufactured  from  sugar  cane  it  is  called  cane 
sugar,  but  the  same  sugar  is  manufactured  from  beets  and  is  known 
as  beet  sugar.  It  is  also  found  in  the  juice  of  many  other  plants. 
There  are  other  sugars  which  are  also  given  popular  names  denoting 
their  origin — ^for  instance,  milk  sugar^  grape  sugar,  and  fruit  sugar. 
The  sugars  may  be  conveniently  divided  chemically  into  several 
groups  according  to  the  number  of  carbon  atoms  which  they  contain. 
The  most  important  from  the  standpoint  of  food  value  are  the  single 
sugars,  grape  sugar  (dextrose)  and  fruit  sugar  (levulose),  with  6  car- 
bon atoms;  and  the  double  sugars,  cane  sugar  (sucrose),  milk  sugar 
Gactose),  and  maltose  (malt  sugar),  in  which  the  molecule  contains  12 
carbon  atoms,  or  twice  as  many  as  in  the  single  sugars.* 

1  The  brief  statement  of  the  chemical  nature  and  names  of  different  sugars  and  other  carbohydrates 
which  follows  will  perhaps  make  clear  to  housekeepers,  as  well  as  to  others  who  are  interested  in  such 
questiona,  this  interesting  part  of  the  chemistry  of  food. 

Carbohydrates  are  so  named  because  they  are  composed  of  the  elements,  carbon,  hydrogen,  and  oxygen, 
the  hydrogen  and  oxygen  being  in  the  same  proportions  as  in  water,  which  is  composed  of  2  atoms  of  hydro- 
gen to  each  atom  of  oxygen.    Though  there  are  carbohydrates  with  fewer  than  6  and  with  more  than  6 
carbon  atoms,  the  prino^;Md  carbohydrates  used  as  food  contain  6  carbon  atoms  or  multiples  of  6.    These 
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By  a  chemical  process  called  inversion,  which  may  occur  in  different 
ways  (see  pp.  9  and  17),  one  molecule  of  the  double  sugar  is  made  to 
unite  with  water  and  form  two  molecules  of  single  sugar.  In  nature 
two  single  sugars,  dextrose  and  levulose,  often  occur  in  equal  pro- 
portions, and  the  combination  is  then  referred  to  as  invert  sugar. 

Sugar  belongs  to  the  important  group  of  food  constituents,  car- 
bohydrates, so  named  because  as  a  whole  they  contain  the  element 
carbon  in  chemical  combination  with  oxygen  and  hydrogen,  these 
two  elements  being  in  the  same  proportion  as  in  water.  Other  car- 
bohydrates closely  related  to  sugar  are  starch  and  crude  fiber,  or 
cellulose.  Sugars  and  starches  are  very  important  foodstuffs,  since 
with  fat  they  supply  the  bulk  of  the  energy  of  the  diet.  Crude  fiber, 
usually  digested  by  man  in  limited  quantities  only,  is,  nevertheless, 
an  important  foodstuff,  since  it  adds  bulk  to  the  diet. 

CHA&ACTBBJSTIOS  OF  CANE  SUGAB. 

Pure  cane  sugar  consists  of  a  mass  of  white  crystals  (e.  g.,  the  old 
fashioned  ''rock  candy '0  easily  soluble  in  about  half  their  weight  of 
cold,  or  in  a  small  quantity  of  hot  water.  Cane  sugar  is  about  two 
and  one-half  times  as  sweet  as  grape  sugar. 

At  320^  F.,  considerably  above  the  boiling  point  of  water  (212^  F.), 
sugar  melts  into  a  colorless  Uquid  which  rapidly  takes  on  an  amber 
hue.  If  it  is  then  cooled  quickly  it  hardens  into  a  glassy  mass, 
transparent  and  brittle,  which  is  called  "barley  sugar.''  If  heated 
to  a  higher  temperature  it  browns,  becoming  less  sweet  and  acquiring 
a  somewhat  bitter  flavor.  This  browned  sugar  is  called  caramel. 
Old-fashioned  brown  sugar  owed  its  color  and  flavor,  at  least  partly, 
to  caramel,  for  the  process  of  manufacture  formerly  used  involved 
evaporation  over  an  open  fire,  which  caused  some  of  the  sugar  to 
become  caramelized  or  half  burnt,  since  in  the  final  stages  of  sugar 
making  the  mass  became  so  thick  that  it  could  not  move  about 
freely,  and  the  layer  next  to  the  bottom  of  the  kettle  was  raised  far 
above  the  boiling  point. 

are  (1)  monosaocharids  (single  augars),  including  hexosee  (such  as  dextrose,  or  grape  sugar,  and  levuloso^ 
or  fruit  sugar),  so  called  because  the  molecule  contains  6  atoms  of  carbon  with  12  atoms  of  hydrogen  and 
G  atoms  of  oxygen;  (2)  disaocharids  (double  sugars,  such  as  cane  sugar,  and  lactose,  or  mUk  sugar),  ao  called 
because  the  moleculo  contains  two  of  the  simple  sugar  molecules  less  ond  molecule  of  water,  namely,  12 
atoms  of  carbon  with  22  of  hydrogen  and  11  of  oxygen;  and  (3)  polysaccharids  (such  as  starches),  so  called 
because  the  molecule  contains  repeated  many  times  the  simple  sugar  moleoale  minus  the  molecnle  of 
water  or  6  atoms  of  carbon,  with  10  of  hydrogen  and  5  of  oxygen.  When  a  molecule  of  water  combmes 
chenically  with  a  molecule  of  the  second  group,  two  hexose  molecules  are  formed,  and  when  the  neces- 
sary number  of  molecules  of  water  combine  chemically  with  a  molecule  of  the  third  group,  two  or  more 
hexoco  molecules  are  formed.  This  process,  called  inversion  or  hydrolysis,  may  occur  in  several  different 
\7ays. 

Each  group  of  sugars  contains  a  number  of  members;  for  example,  grape  sugar  and  fhiit  sugar  have  the 
samo  chemical  formula  and  the  same  percentage  of  carbon,  hydrogen,  and  oxygen,  although  they  are  not 
identical  substances.  The  difference  in  their  properties  is  due  to  different  groupings  of  the  atoms.  Thli 
nust  not  be  confused  with  the  fact  that  the  same  sort  of  sugar  may  be  obtained  fh>m  widely  different 
sources.  Thns  grape  sugar  is  found  in  grapes  and  other  fruits,  and  cane  sugar  Is  toanA  in  the  Juice  ol  the 
sugar  cane,  beet:.,  carrots,  and  other  plants. 
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CSHAJBtACTEBISTICS  OF  OTHEB  KINDS  OF  STJOAB. 
Dextrose  and  Levulose. 

Besides  cane  sugar,  the  commonest  kinds  are  dextrose  or  grape 
sugar,  very  much  less  sweet  than  cane  sugar,  and  levulose,  very  much 
sweeter  than  dextrose.  These  two  sugars  are  usually  found  together. 
Dextrose  may  be  seen  in  yellowish  grains  in  the  raisin  and  other  sweet 
dried  fruits.  It  exists  in  small  quantities  in  many  fruits,  but  occurs 
chiefly  as  a  manuf  actiu^ed  product,  a  result  of  the  hydrolysis  of  starch, 
which  means  causing  it  to  unite  chemically  with  water  by  heating  it 
with  dilute  acids  or  in  some  other  way  to  induce  hydration.  By  this 
treatment  cane  sugar  is  split  up  into  a  mixture  of  dextrose  and  levulose 
known  as  ''invert "  sugar,  which  is  also  a  commercial  product.  Honey 
is  practically  a  natural  form  of  invert  sugar  in  which  there  is  usually 
more  levulose  than  dextrose. 

More  sugar  is  supposed  to  be  required  to  sweeten  acid  fruits  if  it  is 
added  before  cooking  than  if  it  is  added  afterwards,  and  this  is  ascribed 
to  the  change  of  the  cane  sugar  into  invert  sugar  under  the  influence 
of  the  acid  and  heat.  Miss  Jennie  H.  Snow  ^  found  that  the  amount 
of  sugar  inverted  depends  upon  the  length  of  time  it  is  cooked  and  the 
degree  of  acidity,  and  her  conclusions  are  borne  out  by  the  results  of 
European  investigators.  She  found,  however,  that  loss  of  sweetness 
due  to  cooking  sugar  with  acid  fruit  is  so  slight  as  to  be  of  little  prac- 
tical consequence.  The  effect  of  heat  and  acids  in  ''inverting"  cane 
sugar,  as  it  it  is  termed,  and  also  in  destroying  these  sugars,  has  to  be 
kept  in  view  constantly  in  the  manufacture  of  sugar.  By  the  slow 
methods  formerly  in  use  on  the  sugar  plantations,  the  juice  of  the 
cane  soured  before  it  was  boiled,  and  the  acids  so  formed  inverted 
much  of  the  cane  sugar  under  the  influence  of  heat.  This  hindered 
crystallization,  as  did  also  the  caramel  produced  by  the  overheating 
of  a  portion  of  the  juice.  The  hindering  of  undesired  crystallization 
by  inversion  with  the  aid  of  a  little  acid  is  sometimes  very  important 
in  sugar  making.  Similarly,  manufacturers  of  candy  know  that  if 
they  wish  to  prevent  crysttdlization  or  "graining"  of  a  concentrated 
solution  of  sugar,  as  in  making  "fondant"  or  soft  filling,  tartaric  or 
other  acid  must  be  added  to  invert  some  of  the  sugar. 

The  change  of  cane  sugar  in  solution  to  dextrose  and  levulose  men- 
tioned above  may  be  brought  about  even  in  the  absence  of  acid,  by 
the  action  of  heat,  or  by  certain  ferments,  such  as  invertase,  an 
enzym  of  yeast. 

Milk  Sugar. 

Milk  contains  from  4  to  5  per  cent  of  anotner  miportant  sugar — 
milk  sugar  or  lactose.     When  separated  and  purified  it  is  a  crystalline 
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product  and  is  sold  in  that  form.  It  is  said  to  be  the  most  readily 
digestible  sugar  and  is  often  found  in  prepared  foods,  especially  those 
made  for  invalids  and  children.     It  is  much  less  sweet  than  cane  sugar. 

Honey. 

Before  sugar  was  a  common  commercial  product,  honey,  stored  by 
the  honeybee,  was  very  generally  used  to  sweeten  foods.  Although 
its  use  for  this  purpose  is  much  less  common  since  cane  sugar  has 
become  so  plentiful  and  cheap,  honey  is  still  highly  prized  as  a  whole- 
some sweet  food  and  is  used  either  alone  or  with  other  foods  in  a  great 
many  ways.  It  consists  of  a  natural  mixture  of  dextrose  and  levu- 
lose  (about  37  per  cent  of  each)  and  may  contain  as  high  as  6  to  8 
per  cent  of  sucrose.  An  average  analysis  shows  74.41  per  cent  of 
reducing  sugar  calculated  as  invert  sugar,  and  1 .98  per  cent  of  sucrose.* 
It  also  contains  an  average  of  17.59  per  cent  of  water  and  0.23  per 
cent  of  mineral  matter.  Its  flavor  is  due  to  volatile  bodies  in  the 
flowers  from  which  it  is  obtained,  some  flowers  imparting  a  more 
agreeable  flavor  than  others  to  the  honey.  It  was  formerly  assumed 
that  its  composition  was  practically  the  same  as  that  of  the  nectar 
gathered  by  the  bees,  but  recent  investigation  shows  that  the  nectar 
undergoes  certain  changes  in  the  honey  sack  of  the  bee,  and  that  the 
chemical  properties  of  honey  are  not  quite  like  those  of  the  nectar. 
Its  behavior  in  cooking  and  storing  is  different  from  that  of  the  ordi- 
nary sugars  for  reasons  not  yet  thoroughly  imderstood.  Honey  has 
been  used  as  a  food  from  the  earliest  times,  and  is  generally  conceded 
to  be  wholesome  as  well  as  palatable.  Prior  to  the  passage  of  the 
Federal  pure-food  law,  in  1906,  strained  honey  was  very  frequently 
adulterated  with  commercial  glucose  (see  p.  11)  and  other  materials^ 
such  as  commercial  invert  sugar,  but  since  this  law  went  into  effect 
there  is  little  adulteration  of  this  product.  Mixtiu-es  with  glucose 
and  invert  sugar  are  sold,  but  the  law  requires  that  they  be  so  labeled. 

Japanese  Axne. 

A  sweet  material  called  ame  has  been  made  in  Japan  siace  early 
times  from  glutinous  rice  or  glutinous  millet,  sometimes  from  com- 
mon rice  and  rarely  from  Indian  corn  or  sweet  potatoes,  by  convertiog 
the  starch  they  contain  into  maltose  (a  double  sugar  similar  to  su- 
crose, lactose,  etc.)  by  the  action  of  an  unorganized  ferment  called 
diastase.  Malt  or  sprouted  barley  is  generally  used  to  furnish  the 
ferment'.  The  cleaned  grain  or  other  material  is  soaked  in  water 
and  steamed  until  the  starch  grains  are  broken  open  and  made  easfly 
accessible  to  the  ferment.  Powdered  malt  and  water  in  proper  pro- 
portions are  added,  and  in  six  or  eight  hours  the  diastase  converts 
the  starch  very  largely  into  dextrin  and  maltose.  The  liquid  is  then 
filtered  and  evaporated  to  the  desired  consistency,  which  varies 
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according  to  ihe  season.  One  of  the  forms  is  a  dense,  dear,  light- 
colored  amber  liquid  not  unlike  the  best  commercial  glucose  in  some 
of  its  physical  properties.  Another  form  is  hard  and  not  unlike  a 
white  ciaidy  iu  appearance.  Ame  has  been  manufactured  in  Japan 
for  at  least  two  thousand  years,  and  long  before  sugar  was  known  it 
was  a  favorite  flavoring.  Even  at  the  present  time  it  is  sometimes 
used  instead  of  sugar  in  cooking,  and  it  is  also  a  favorite  food  adjunct 

for  invalids. 

Malt  SagaiB. 

Several  malt  preparations,  some  of  them  thick  like  sirup  and  others 
more  of  the  consistency  of  candy,  are  on  the  market.  These  are 
mixtures  of  dextria  and  maltose  coming  from  the  action  of  diastase 
on  starchy  materials.  Many  commercial  products,  so-called  ''pre- 
digested"  and  "malted"  products  and  similar  goods,  have  this 
material  as  their  basis. 

Glycogen. 

Glycogen  or  "animal  sugar"  is  a  carbohydrate  of  the  same  chem- 
ical composition  as  starch,  but  with  diflFerent  chemical  properties. 
It  is  found  in  small  amounts  in  muscular  tissue,  and  more  abundantly 
in  the  liver,  where  it  may  exist  in  considerable  quantities.  It  has 
an  important  function  in  nutrition,  being  stored  as  a  reserve  source 
of  energy  for  the  body. 

SWEET  MATEBIALS  OTHEB  TEAV  SUGAB. 

Saccharin,  an  extremely  sweet  material,  is  not  a  sugar,  but  is  of 
an  entirely  different  chemical  structure,  being  a  benzene  compound. 
Its  use  in  food  products  was  forbidden  under  the  Federal  pure-food 
law.*  It  is  quite  commonly  prescribed  ia  cases  of  diabetes  to  satisfy 
the  craving  for  sweets,  as  it  is  believed  to  be  less  harmful  in  such 
cases  than  the  sugar,  the  flavor  of  which  it  replaces. 

There  are  other  chemical  substances  which  are  not  sugars,  but 
which  have  a  marked  sweet  flavor.  They,  like  saccharin,  are  in  no 
sense  foodstuffs. 

COKKEBGIAL  GLUCOSE  AND  OTHEB  COMMEBCIAL  PBODVGTS 
MADE  FBOH  STANCE. 

"Commercial  glucose,"  "40  sugar,"  "80  sugar,"  and  "commercial 
dextrose  "  are  commercial  products  of  the  hydrolysis  of  starch.  The 
first  is  a  thick  liquid,  rarely  showing  crystallization,  having  a  com- 
position of  between  30  and  39  per  cent  dextrose,  40  to  63  per  cent 
dextrin,  and  about  0.5  per  cent  ash.  The  others  are  solid  products 
varying  in  percentage  of  dextrose  up  to  95  per  cent,  with  small  quan- 
tities of  dextrin. 
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Commercial  glucose  is  often  used  as  a  substitute  for  sugar  in 
sirupS;  candy  makings  preserving,  etc.  Confectioners  maintain  that 
certain  kinds  of  candy  can  not  be  made  of  as  good  consistency  with, 
pure  cane  sugar  as  with  the  addition  of  some  glucose.  In  such 
cases  it  can  hardly  be  considered  an  adulterant.  When  it  is  used 
as  a  cheaper  substitute  for  cane  sugar,  and  the  goods  are  sold  as 
cane-sugar  products,  its  use  is  evidently  fraudulent.  The  present 
law  in  the  United  States  requires  that  sirups,  jams,  jellies,  etc., 
made  with  glucose,  shall  be  so  labeled.  Its  nutritive  value  is  prac- 
tically the  same  as  that  of  other  carbohydrates,  and  there  is  no  reason 
to  suppose  that  when  properly  made  it  is  not  wholesome. 

SOTOtCES  OF  CAVE  SUGAB. 

Cane  sugar,  beet  sugar,  sucrose,  or  simply  "sugar,"  as  it  is  known 
to  commerce  and  in  the  household,  exists  in  solution  in  many  vege- 
table juices.  It  is  found  in  the  stems  and  roots  of  the  grasses,  espe- 
cially in  the  sugar  cane,  sorghum,  and  cornstalks;  in  fleshy  roots,  as 
the  beet,  carrot,  tiunip,  and  sweet  potato;  in  the  sap  of  trees,  as  the 
date  palm  and  sugar  maple;  in  almost  all  sweet  fruits;  and  in  the 
nectar  of  flowers.  Only  in  a  few  of  these,  however,  is  the  propor- 
tion of  cane  sugar  large  enough  to  make  profitable  its  separation 
from  the  other  substances  which  these  juices  hold  in  solution. 

In  fact,  the  cane  and  sugar  beet  are  the  only  important  sources  of 
sugar  (sucrose).  Of  the  world^s  crop  of  16,418,500  tons  in  1910-11, 
8,321,500  tons  were  made  from  cane,  and  8,097,000  from  the  beet. 

Sugar  is  a  staple  article  of  food,  just  as  is  bread  or  meat,  but  few- 
realize  that,  uDlike  bread  and  meat,  it  has  been  a  staple  food  for  but 
a  few  generations.  The  art  of  manufacturing  it  has  been  developed 
very  rapidly  within  'the  last  125  years.  Only,  indeed,  in  the  last 
three-quarters  of  a  century  has  it  boon  produced  in  such  quantities 
and  at  such  a  price  as  to  bring  it  into  really  general  use. 

SIJOAB  FBOM  THE  SUQAR  CANB. 

The  sugar  cane  is  a  gigantic  jointed  grass  with  the  botanical  name 
Sdccharum  offidnarum,  native  to  eastern  India  and  China,  numerous 
varieties  of  which  are  now  grown  in  tiie  tropical  and  subtropical  regions 
of  both  hemispheres. 

Sugar  from  the  sugar  cane  was  probably  known  in  China  2,000 
years  before  it  was  used  in  Europe.  When  merchants  began  to  trade 
in  the  Indies,  sugar,  like  spices,  perfumes,  and  other  rare  and  costly 
merchandise,  was  brought  to  the  western  countries  of  Europe,  and  for 
a  long  time  it  was  used  exclusively  in  the  preparation  of  medicines. 
An  old  saying  to  express  the  lack  of  something  very  essential  was 
"like  an  apothecary  without  sugar."  Several  centuries  before  the 
Christian  Era  Greek  physicians  knew  of  sugar  under  the  name  of 
**Indian  salt."    It  was  also  called  "honey  made  from  reeds,"  and  was 
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said  to  be  '*Iik©  giim,  white  and  brittle/'  But  not  until  the  Middle 
Ages  did  Europeans  have  any  clear  idea  of  its  origin.  It  was  con- 
founded with  manna  or  was  thought  to  exude  from  the  stem  of  a 
plant,  where  it  dried  into  a  kind  of  gum.  When  in  the  fourteenth  or 
fifteenth  century  the  sugar  cane  from  India  was  cultivated  in  northern 
Africa,  the  use  of  sugar  greatly  increased,  and  as  its  culture  was 
extended  to  the  newly-discovered  Canary  Islands  and  later  to  the 
West  Indies  and  Brazil,  it  became  a  common  article  of  food  among  the 
well-to-do.  By  many  the  new  food  was  still  regarded  with  suspicion. 
It  was  said  to  be  very  heating,  to  be  bad  for  the  lungs,  and  even  to 
cause  appoplexy.  Honey  was  thought  to  be  more  wholesome,  because 
more  natural  than  the  '^products  of  forced  invention."  The  sugar- 
growing  industry  in  what  is  now  the  United  States  dates  from  1751. 
It  has  developed  into  a  great  enterprise,  as  has  also  sugar  refining. 

STJOAB  PBOM  THE  SUaAB  BEET. 

The  sugar  consumed  in  this  and  other  countries  up  to  1850  was 
nearly  all  derived  from  the  sugar  cane,  but  at  the  present  time  one- 
half  of  the  sugar  crop  is  obtained  from  the  sugar  beet.  Between  1863 
and  1883  Germany,  one  of  the  leading  beet-sugar  producing  coun- 
tries, increased  its  output  338  per  cent.  It  would  once  have  seemed 
incredible  that  the  kitchen  garden  should  furnish  a  rival  for  the 
''noble  plant"  that  had  made  the  fortunes  of  Spanish  and  English 
colonies,  but  the  cultivation  of  the  beet  for  sugar  has  in  one  generation 
shifted  the  center  of  the  sugar  industry  from  the  Tropics  to  the 
Temperate  Zone.  This  growth  has  been  fostered  by  strange  vicissi- 
tudes in  the  fortunes  of  nations,  such  as  the  commercial  embargoes 
and  sugar  bounties  of  the  Napoleonic  wars,  and  the  abolition  of 
slavery  in  the  British  colonies,  giving,  as  it  did,  a  temporary  check  to 
the  growth  of  the  cane,  aided  in  the  creation  of  the  beet-sugar  indus- 
try. The  real  creators  of  the  new  industry,  however,  were  men  of 
scientific  training  who  solved  certain  botanical  and  chemical  problems. 

In  1747  Marggraf,  a  chemist  of  Berlin,  discovered  that  beets  and 
other  fleshy  roots  contain  a  crystallizable  sugar  identical  with  that  of 
the  sugar  cane.  In  1799  the  subject  was  brought  before  the  French 
Academy,  and  in  1801  the  first  manufactory  for  beet  sugar  was 
erected.  It  had  been  manufactured  as  early  as  1797,  but  the  2  or  3 
per  cent  of  sugar  that  could  be  extracted  by  the  methods  then  in  use 
was  too  little  for  commercial  success.  A  new  stimulus  was  given  by 
the  sugar  bounties  of  Napoleon  in  1806,  and  methods  improved 
rapidly,  especially  in  France.  Two  great  difficulties  still  remained: 
The  percentage  of  sugar  present  in  the  beet  was  small  (5  per  cent), 
and  it  was  only  with  great  difficulty  that  it  could  be  separated  from 
the  many  other  constituents,  some  of  them  acrid  and  having  a  very 
unpleasant  flavor.  Science  now  came  to  the  aid  of  the  industry,  and 
a  beet  was  gradually  developed  with  a  larger  percentage  of  sugar  and 
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a  smaller  percentage  of  the  undesirable  impurities.  Eighteen  tons 
of  beet  roots  were  necessary  in  1836  to  produce  1  ton  of  sugai ;  in 
1850,  this  quantity  was  reduced  to  13.8  tons;  in  1860,  to  12.7  tons,  and 
in  1889,  to  9.25  tons.  From  5  per  cent  of  sugar,  as  found  by  Marggraf , 
tjie  sugar  beet  of  good  quality,  thanks  to  the  sciaitific  work  which 
has  developed  it,  now  contains  15  per  cent  and  more,  at  least  12  per 
cent  being  considered  necessary  for  profitable  manufacture. 

SXTGAB  FROM  THB  SXTOAIt  MAPLE. 

The  sugar  maple  of  North  America  is  also  a  source  of  sucrose,  the 
trees'  being  tapped  in  the  early  spring  to  obtain  tliQ  sap  as  it  flows 
upward  through  the  trunk  on  the  way  to  the  branches.  This  sap 
on  boiling  yields  its  2.5  per  cent  of  sucrose  and  a  few  nonsugarsin  a 
more  or  less  moist,  brown,  crystalUne  mass,  which  can  be  refined 
until  it  is  hke  other  pure  sucrose.  However,  on  account  of  the  pleas- 
ant flavor  the  product  in  its  crude  form  sells  for  a  better  price  than 
would  the  refined  sugar.  Five  gallons  of  sap  yield  about  a  pound  of 
sugar.  Equally  popular  is  the  maple  sirup;  that  is,  the  sap  which 
has  been  boiled  down,  but  not  enough  to  crystallize. 

It  is  said,  apparently  on  good  authority,  that  maple  sugar  was 
made  by  the  American  Indians  for  an  untold  time  before  Europeans 
came  to  this  continent.  It  is  interesting  to  read  a  paragraph  from  a 
book  written  by  the  eminent  Robert  Boyle  and  printed  at  Oxford  in 
1663: 

There  is  in  some  parts  of  New  England  a  kind  of  tree  *  *  *  whose  juice  that 
weeps  out  of  its  Incisions,  if  it  be  permitted  slowly  to  exhale  away  the  superfluous 
moisture,  doth  congeal  into  a  sweet  and  saccharin  substance,  and  the  like  was  con- 
firmed to  me  by  the  agent  of  the  great  and  populous  colony  of  Massachusetts. 

Maple  sugar  was  also  appreciated  in  colonial  times  for  making 
sweets  as  well  as  for  use  as  a  staple  article  of  diet,  for  early  records 
mention  a  ''nut  sweet"  made  from  maple  sugar,  butter,  and  nuts, 
the  sugar  being  melted  and  slightly  browned  in  order  to  impart  a 
caramel  flavor  in  addition  to  the  maple  flavor. 

Occasionally,  by  a  method  similar  to  that  by  which  maple  sugar  is 
obtained,  sugar  is  made,  or  was  made  in  colonial  times,  from  the  sap 
of  the  butternut  tree,  and,  it  is  said,  from  the  birch  also. 

According  to  the  PreUminary  Report  of  the  United  States  Census 
for  1910,  the  total  quantity  of  maple  sugar  produced  in  this  country 
in  1909  was  14,060,206  pounds  and  the  total  amount  of  maple  sirup 
was  4,106,418  gallons. 

QTJALITT  OF  SUGAB  FBOM  DIFFEBEVT  SOTJBCES. 

The  methods  used  in  the  manuf actiu*e  of  sugar  are  all  devised  to 
separate  the  sugar  from  the  other  constituents  of  the  juice.  The 
juice  containing  the  sugar  is  expressed  or  extracted  from  the  cane, 
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beet,  etc.,  treated  to  remove  the  nonsaccharin  substances  which 
prevent  crystallization,  and  evaporated  in  vacuum  apparatus  to  pre- 
vent burning;  the  sugar  is  then  crystallized,  and  the  crystals  sepa- 
rated from  the  molasses  in  centrifugals.  Modified  methods  of  man- 
ufacture may  produce  white  granulated  sugar  direct  from  the  beet 
or  the  cane.  When  these  are  not  used,  the  product  is  "raw  sugar** 
which  must  be  passed  through  some  refining  process  before  it  is 
white  sugar.  The  methods  of  manufacturing  sugar  from  the  beet 
are  described  in  a  previous  bulletin  of  this  series.* 

The  average  composition  of  raw  sugar  from  a  number  of  different 
somrces  is  as  follows: 

Average  compoMon  of  raw  tugar. 


Sugar  from— 


Water. 


Cane 
sugar. 


other 
organJo 

sub- 
stances. 


Ash. 


Sugar  beet 

l£3se 

Palm 

M^le 


PercetU. 
2.16 
2.90 
2.50 
1.86 
7.60 


PerctnL 
03.88 
02.90 
88.42 
87.07 
82.80 


Per  cent. 
4.24 
2.50 
7.62 
9.66 
8.70 


Percent. 

1.27 

2.56 

1.47 

.50 

.01 


Raw  sugar  from  these  various  soiu*ces  takes  on  in  each  case  the 
character  of  the  impurities  from  which  it  has  not  yet  been  freed. 
Thus,  the  raw  products  of  the  sugar  cane,  maize,  and  the  sugar 
maple,  are  pleasant  in  flavor,  that  of  the  beet  is  acrid  and  disagree- 
able, whUe  the  raw  palm  sugar  or  jaggary  is  of  low  sweetening 
power,  because  of  the  large  amount  of  invert  sugar  (dextrose  and 
levulose,  see  p.  9)  that  has  resulted  from  fermentation  and  too 
high  a  degree  of  heat  used  in  evaporation.  From  all  these,  raw 
sugars  the  pure  cane  sugar,  or  sucrose,  as  known  to  the  chemist, 
can  be  crystallized  out,  and  in  every  case  the  sugar  is  identical  in 
chemical  composition,  appearance,  and  properties.  By  no  chemical 
test  can  the  pxire  crystallized  sugar  from  these  different  sources  be 
distinguished.  There  is  a  popular  impression  to  the  contrary,  how- 
ever, and  it  is  often  asserted  that  beet  sugar  has  less  sweetening 
power,  or  that  fruits  preserved  with  it  do  not  keep  as  well,  but  this 
can  be  true  only  of  specimens  that  have  been  imperfectly  purified. 

Tests  made  at  the  California  Experiment  Station  *  led  to  the  con- 
clusion that  the  two  sorts  of  sugar  were  equally  valuable  for  can- 
ning, and  identical  in  their  behavior  when  of  the  same  fineness  of 
crystallization. 

Methods  of  refining  raw  sugar  have  been  so  improved  in  the  last 
few  years  that  it  may  be  truly  said  that  few  food  substances  are  so 
nearly  pxire  chemically  as  the  best  granulated  or  lump  sugar. 


>  U.  S.  Dept  A^.,  Farmers'  Bui.  62. 
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PTJEITY  OP  SUOAE. 

Of  500  samples  of  sugar  examined  several  years  ago  by  the  Bureau 
of  Chemistry  of  this  department/  not  one  was  found  to  be  adulterated. 
The  low  price  of  cane  sugar,  in  comparison  with  the  price  of  substances 
that  might  be  used  for  adulteration,  protects  it  from  such  attempts. 

A  more  recent  publication  of  the  Bureau  of  Chemistry'  states 
that  sugars  as  a  class,  both  the  high  and  low  grades  as  now  found 
on  the  market,  are  practically  free  from  adulteration.  This  is  par- 
ticularly true  since  the  Federal  pure-food  law  of  1906  went  into  effect. 

There  is  a  popular  belief  that  granulated  sugar  is  often  adulterated 
with  white  sand  or  finely  ground  rock,  and  that  pulverized  sugar  is 
commonly  adulterated  with  starch  or  lime  dust.  Cases  of  such 
adulteration,  however,  have  rarely  been  found  by  the  Bureau  of 
Chemistry,  though  starch  has  been  detected  in  a  very  few  samples 
of  powdered  sugar.  It  is  a  very  simple  matter  to  test  suspicious 
sugar  for  the  presence  of  such  materials.  Sugar  is  readily  soluble 
in  water,  and  the  sand  and  mineral  adulterants  are  insoluble.  If  a 
spoonful  of  sugar  is  added  to  a  glass  of  water  and  stirred,  it  will  com- 
pletely dissolve,  while  any  sand  or  similar  material  will  remain  un- 
dissolved. If  the  water  is  warm  the  sugar  will  dissolve  more  quickly 
than  otherwise,  and  care  must  be  taken  to  continue  the  stirring 
for  considerable  time,  as  some  of  the  very  dry  crystalline  sugars 
dissolve  rather  slowly. 

FOOD  VALUE  OF  STJOAB. 

The  most  interesting  use  of  sugar  is  as  a  food  for  the  animal  body. 
Within  certain  limits,  sugar  may  be  considered  as  the  equivalent  of 
starch  that  has  been  digested  and  made  ready  for  absorption.  A 
mealy  boiled  potato,  like  all  forms  of  starchy  food,  must  be  largely 
converted  into  some  kind  of  sugar  by  the  digestive  juices  before  it 
can  be  absorbed  as  food. 

It  is  commonly  stated  that  the  food  eaten  by  the  average  adult  is 
at  least  one-half  of  vegetable  origin,  and  analyses  show  that  the 
nutrients  of  vegetable  foods  are  very  largely  starch.  The  average  of 
400  dietary  studies  made  in  the  United  States  shows  about  40  per 
cent  animal  food  and  60  per  cent  vegetable  food.  Starch  in  cereal 
grains  and  other  foods,  and  separated  as  cornstarch,  etc.,  furnishes 
a  considerable  part  of  the  heat  and  muscular  power  of  the  body.  The 
sumimary  of  data  regarding  the  American  diet  quoted  above  shows 
that  sugar  constitutes  5.4  per  cent  of  the  average  diet  and  furnishes 
17.5  per  cent  of  the  total  energy  in  it.  It  is  clear  that  starch,  sugar, 
or  any  food  that  will  serve  the  same  purpose  is  of  great  importance. 

To  understand  the  utilization  ot  such  foods  in  the  body  better,  the 
process  of  carbohydrate  digestion  may  be  considered.     When  a 

1  U.  S.  Dept.  Agr.,  Div.  Chem.  Bui.  13,  pt.  6.  «  U.  8.  Dept.  Agr.,  Bur.  Chem.  BuL  100. 
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starchy  food;  such  as  boiled  potato,  is  taken  into  the  month,  it  is 
at  once  acted  npon  more  or  less  by  a  ferment  contained  in  the  saliva, 
and  this  action  is  continued  by  a  ferment  contained  in  the  intestines. 
It  is  broken  up  into  simpler  chemical  compounds,  and  it  finally 
reaches  the  blood  and  muscles  as  dextrose,  a  form  of  sugar  which  can 
be  burned  in  the  body  to  yield  muscular  energy  and  heat.  When  an 
excess  of  carbohydrates  (sugar  or  starch)  is  consumed,  the  dextrose 
in  the  digestive  tract  is  converted  in  the  liver  to  glycogen  and  stored 
until  required,  being  then,  it  is  believed,  reconverted  into  dextrose. 
More  complex  changes  may  take  place  which  convert  carbohydrates 
consumed  in  excess  into  fat,  which  is  also  stored  as  a  reserve  material. 
Some  recent  German  investigations  indicate  that  the  different 
kinds  of  sugar  are  not  equally  well  adapted  to  increasing  the  supply 
of  glycogen  in  the  body.  In  experiments  with  dogs,  sucrose  and 
dextrose  proved  the  most  valuable  in  this  respect. 

DIGESTIOir  OF  STJGAE. 

When  sugar  is  eaten  it  is  changed  in  the  digestive  tract  before  it 
is  taken  up  in  the  blood  and  carried  where  it  is  needed.  If  a  solution 
of  cane  sugar  be  injected  directly  into  the  blood,  it  is  passed  out  by 
the  kidneys  unchanged,  showing  that  it  is  not  fitted  for  assimilation 
until  it  has  been  changed,  as  it  is  in  normal  digestion.  The  change 
needed  is  slight  compared  with  that  required  for  the  digestion  of 
starch,  sugar  being  '^inverted"  or  changed  into  the  simpler  sugars 
as  already  described  (see  p.  9),  and  this  change  is  brought  about 
in  the  digestive  tract  by  the  agency  of  enzyms  or  ferments  regard- 
ing the  nature  of  which  little  is  known.  When  thus  changed  into 
the  simpler  sugars,  its  fimction  in  the  body  is  similar  to  that  of 
starch  after  it  has  reached  the  analogous  stage  in  digestion. 

At  the  Minnesota  Experiment  Station  ^  the  thoroughness  of  diges- 
tion of  sugar  was  studied  with  healthy  men,  5  ounces  per  day  being 
consumed  as  part  of  a  simple  mixed  diet.  The  sugar  showed  a  high 
digestibility,  98.9  per  cent  of  its  total  energy  being  available  to  the 
body,  on  the  average.  In  general,  it  increased  the  available  energy 
of  Hie  whole  ration  25  per  cent  and  did  not  affect  the  digestibility 
of  the  foods  with  which  it  was  combined.  The  protein  of  the  ration 
was  more  economically  used  than  commonly,  the  nitrogen  retention 
being  increased  25  per  cent.  It  was  pointed  out  in  discussing  these 
experiments  that  '*the  value  of  sugar  in  a  ration  depends  upon  its 
judicious  use  and  combination  with  other  foods.'' 

SUGAE  AS  A  FOOD  FOE  MTJSCULAB  *WOBK. 

Food  must  supply  enough  protein  or  nitrogenous  material  for  the 
formation  and  repair  of  tissues  and  for  certain  other  uses  in  the  body, 
and  in  addition  sufficient  other  material  to  make  up  the  amount  of 
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energy  necessary  for  heat  and  muscular  work.  The  nitrogen-free 
nutrients  are  fats  and  carbohydrates.  In  the  ordinary  diet  the  rela- 
tive amount  of  fat  and  carbohydrates,  is  usually  regulated  by  per- 
sonal preference.  Fat  will  furnish  two  and  one-fourth  times  as  much 
energy  per  pound  as  carbohydrates.  Taking  account  of  this  fact  it 
is  immaterial  on  chemical  grounds  which  of  these  nutrients  supplies 
the  necessary  energy,  although  this  is  not  the  case  from  the  stand- 
point of  hygiene. 

The  main  function  of  sugar  as  found  in  the  blood,  whether  result- 
ing from  the  digestion  of  sugar  or  of  starch,  is  believed  to  be  the 
production  of  energy  for  internal  and  external  muscular  work,  and, 
as  a  necessary  accompaniment,  body  heat.  This  has  been  amply 
.demonstrated  by  experiment.  By  ingenious  devices  the  blood  going 
to  and  from  a  muscle  of  a  living  animal  may  be  analyzed,  and  it  is  thus 
shown  that  more  blood  traverses  an  active  or  working  muscle  and 
more  sugar  disappears  from  it  than  is  the  case  with  a  muscle  at  rest. 

To  decide  the  question  of  the  value  of  sugar  as  a  source  of  energy 
for  the  working  muscle,  much  careful  laboratory  work  has  been  car- 
ried on.  It  has  been  found  that  an  increase  in  the  sugar  content  of 
the  diet,  when  not  too  great  and  when  the  sugar  is  not  too  concen- 
trated, lessens  or  delays  fatigue  and  increases  working  power.  In- 
creased amounts  of  sugar  were  found  fo  increase  the  ability  to  perform 
muscular  work  to  such  an  extent  that  on  a  ration  of  500  grams  (17.5 
ounces)  of  sugar  alone  a  man  was  able  to  do  61  to  76  per  cent  more 
work  than  on  a  fasting  diet,  or  almost  as  much  as  on  a  full  ordinary 
diet.  The  addition  of  about  half  this  quantity  of  sugar  to  an  ordi- 
nary or  to  a  meager  diet  also  considerably  increased  the  capacity  for 
work,  the  effect  of  the  sugar  being  felt  about  a  half  hour  after  eating 
it,  and  its  maximum  effect  showing  itself  about  two  hours  after 
eating.  The  coming  of  fatigue  was  also  found  to  be  considerojbly 
delayed  on  this  diet,  and  taking  3  or  4  ounces  of  sugar  a  short  time 
before  the  usual  time  for  the  occurrence  of  fatigue  prevented  the  ap- 
pearance of  it.  Lemonade,  or  other  similar  refreshing  drink,  and 
chocolate  have  been  suggested  as  mediums  for  supplying  in  small 
doses  an  extra  amoimt  of  sugar  to  men  called  upon  to  perform 
extraordinary  muscular  labor.  The  application  of  these  results  to  the 
food  of  soldiers  who  maybe  called  upon  for  extraordinary  exertion  in 
marching  or  fighting  is  very  evident.  Practical  tests  of  the  value  of 
sugar  in  preventing  or  delaying  fatigue,  made  in  both  the  German  and 
French  armies,  indicate  the  value  of  sugar  in  the  ration  when  the 
men  are  subjected  to  great  exertion. 

It  is  believed  that  more  decisive  results  may  be  obtained  by  tests 
with  men  and  animals  in  which  the  effects  of  given  quantities 
of  sugar  in  the  diet  are  compared  with  those  obtained  with  starch 
and  other  food  materials.      Such    experiments   have  been  made 
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under  the  auspices  of  this  department  with  men  in  the  respiration 
calorimeter.  This  apparatus  makes  it  possible  to  measure  with 
great  accuracy  the  relation  between  the  material  consumed  and  the 
muscular  work  done.  In  experiments  planned  to  test  the  value  of 
carbohydrate  foods  as  a  source  of  energy  diu'ing  severe  muscular 
work,  the  subjects  were  able  to  include  350  grams,  or  about  three- 
quarters  of  a  pound,  of  cane  sugar  in  their  daily  diet  without  any 
deleterious  effects.* 

According  to  our  present  knowledge  the  value  of  sugar  as  a  food 
lor  muscular  work  may  be  briefly  summarized  as  follows: 

When  the  organism  is  adapted  to  the  digestion  of  starch,  and  there 
IB  sufficient  time  for  its  utilization,  sugar  has  no  advantage  over 
starch  as  a  food  for  muscular  work. 

In  small  quantities  and  in  not  too  concentrated  form  sugar  will 
take  the  place,  practically  weight  for  weight,  of  starch  as  a  food  for 
muscular  work,  barring  the  difference  in  energy  and  in  time  required 
to  digest  them,  sugar  having  the  advantage  in  these  respe^pts. 

It  fiimishes  the  needed  carbohydrate  mat^al  to  organisms  that 
have  little  or  no  power  to  digest  starch.  Thus,  milk  sugar  is  part  of 
the  natural  food  of  the  infant  whose  digestive  organs  are,  as  yet,  un- 
able to  convert  starch  into  an  assimilable  form. 

In  times  of  great  exertion  or  exhausting  labor,  the  rapidity  with 
which  it  is  assimilated  gives  sugar  certain  advantages  over  starch 
and  makes  it  prevent  fatigue. 

This  latter  quality,  which  renders  it  more  rapidly  available  for  mu&- 
cular  power,  may  accoimt  for  the  fact  that  sugar  is  so  relished  by 
people  who  are  doing  muscular  work,  and  by  those  of  very  active 
habits,  such  as  children. 

The  American  farmer  ranks  high  among  agriculturists  as  a  rapid 
and  enduring  worker,  and  his  consumption  of  sweets  is  known  to  be 
very  large.  The  same  is  true  of  lumbermen  and  others  who  work  hard 
in  the  open  air;  sugar  and  sweet  cakes  are  favorite  foods  with  them. 
Dietary  studies  carried  on  in  the  winter  lumber  camps  of  Maine 
showed  that  large  quantities  of  cookies,  cakes,  molasses,  and  sugar 
were  eaten,  sugar  of  aU  sorts  supplying  on  an  average  10  per  cent 
of  the  total  enei^  of  the  diet. 

The  value  of  sugar  in  cold  climates,  whero  foods  containing  starch 
are  not  available,  is  evident,  and  in  the  outfit  of  polar  expeditions 
sugar  is  now  given  an  important  place. 

Oriental  races  are  very  fond  of  sweets,  as  often  noted  by  travelers. 
Certain  forms  of  confectionery  are  very  popular  in  Turkey  and  other 
regions  of  the  East,  and  in  tropical  lands  the  consumption  of  dates, 
figs,  and  other  sweet  fruits  is  very  large.  In  a  discussion  ^  of  the 
food  of  the  natives  of  India  the  great  value  set  on  sweetmeats  or  sugar 

^  U.  S.  Dept  Agr.,  Office  Expt.  Stas.  Bui.  176.  *  Jour.  Trop.  Med.  [London),  9  (1906),  p.  SIO. 
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by  the  Hindoo  population  of  all  classes  is  pointed  out.  Lai^e  quan- 
tities of  brown  or  white  sugar  are  used  to  sweeten  the  boiled  milki 
which  is  a  common  article  of  diet,  and  sugar  is  also  used  with  sour 
milk,  rice,  cheese,  and  other  foods.  It  has  also  been  said  that  the 
employer  who  will  not  furnish  the  native  laborers  with  the  large 
amounts  of  sugar  they  desire  in  their  daily  ration  must  expect  to  lose 
his  workmen. 

Certain  rowmg  dubs  in  Holland  have  reported  very  beneficial 
results  from  the  use  of  large  amoimts  of  sugar  in  training. 

Pfluger,  who  devoted  so  much  attention  to  glycogen  and  other 
carbohydrates,  says  that  undoubtedly  sugar  in  the  blood  is  heavily 
drawn  on  during  violent  exercise;  hence  the  longing  for  it  in  a  form 
that  can  be  rapidly  assimilated. 

Its  use  by  mountain  climbers  is  well  known.  The  Swiss  guide  con- 
siders lump  sugar  and  highly  sweetened  chocolate  an  indispensable 
part  of  his  outfit. 

This  brief  summary  serves  to  show  the  use  which  is  made  of  sugar 
when  severe  work  is  performed,  and  some  of  the  experimental  data 
which  indicate  that  this  custom  is  justified. 

SUGAB  AS  A  FAT  FOEMEB. 

Sugar,  like  starch,  is  fattening;  that  is,  when  taken  in  excess  it 
may  be  transformed  into  fat  and  stored  as  reserve  material.  On  this 
accoimt  physicians  commonly  advise  that  sugar  be  sparingly  used 
by  the  corpulent.  This  advice  is  given  because  sugar  in  the  form  of 
candy  or  other  sweets  is  often  taken  as  an  accessory  to  an  already 
abundant  diet. 

A  practical  illustration  of  the  use  of  sugar  as  a  fattening  food  is 
found  in  the  use  of  both  sugar  and  molasses  in  fattening  farm  animals, 
the  fat  so  produced  being  found  firm  and  of  good  quality.  In  sugar- 
producing  regions  it  is  a  conmion  constituent  of  the  rations  of  horses 
and  mules,  and  it  is  fed  to  dairy  cattle  and  to  fattening  steers.  In 
Louisiana,  for  example,  it  is  the  usual  practice  to  feed  '* black  strap" 
molasses  to  plantation  horses  and  mules  at  the  rate  of  8  to  12  poimds 
per  head  per  day.  So  common  has  its  use  become  for  farm  animals 
in  general  that  many  mixed  rations  are  now  on  the  market  which 
contain  molasses  as  one  of  their  chief  constituents.  Sometimes  the 
materials  added  are  used  principally  to  absorb  the  molasses  and  make 
it  more  convenient  to  feed.  The  molasses,  of  course,  contains  prac- 
tically no  protein,  the  body-building  material,  and  frequently 
materials  are  mixed  with  it  which  are  rich  in  this  constituent  in  order 
that  the  mixed  feed  may  constitute  a  well-balanced  ration. 

SUGAB  AS  A  FLAVOB. 

In  addition  to  its  value  as  a  food,  sugar  is  important  in  the  diet  as  a 
flavor,  one  which  the  cook  could  not  easily  spare,  as  it  now  enters  into 
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a  great  vaiiety  of  dishes.  Indeed  its  agreeable  flavor  has  always 
oonstitiited  one  of  the  chief  reasons  for  its  use,  and  will  continue  to  do 
80;  even  though  we  make  nse  of  the  abundance  of  relatively  cheap 
starchy  materials  we  possess  which  theoretically  may  readily  take  the 
place  of  sugar  as  a  food. 

In  some  dietary  studies  made  under  the  auspices  of  this  department 
with  a  club  of  students  at  the  University  of  Maine,  an  investigation 
was  made  of  the  effect  of  supplying  a  liberal  amount  of  maple  sirup 
in  a  diet  which  contained  an  abundance  of  nutrients.  The  sirup  was 
evidently  relished,  and  considerable  amounts  were  eaten.  However, 
there  was  not  a  corresponding  decrease  in  other  foods;  on  the 
contrary,  the  amount  of  flour  was  in  excess  of  the  amount  ordinarily 
consumed.  It  would  seem  that  the  maple  sirup,  and  flour  in  the 
form  of  griddlecakes,  were  consumed  simply  on  account  of  their 
agreeable  flavor.  Provided  the  diet  contained  suflScient  nutrients  in 
the  first  place,  this  increase  was  not  desirable  on  the  groimd  of  econ- 
omy, and  it  may  be  questioned  whether  it  was  desirable  from  the 
standpoint  of  health.  When  a  similar  comparison  was  made  of  the 
addition  to  the  diet  of  liberal  quantities  of  milk,  which  has  a  much 
less  distinctive  flavor,  there  was  a  corresponding  decrease  in  the 
amoimt  of  other  foods  consumed.  This  would  indicate  that  much  of 
the  sugar  used  is  consumed  for  its  agreeable  flavor  and  not  because  it 
is  recognized  as  a  food  which  is  required  to  satisfy  body  needs. 

FOOD  VALUE  OF  TABLE  SIBUPS  AITD  MOLASSES. 

Sirups  of  various  kinds  and  molasses  have  always  been  used  to  a 
large  extent  in  the  United  States  as  articles  of  diet  and  for  cookery. 
There  are  several  forms  in  common  use.  Of  these,  maple  sirup,  which 
is  obtained  by  evaporating  the  sap  of  the  sugar  maple,  commands  the 
highest  price.  Cane  sirup  made  from  the  expressed  juice  of  the  sugar 
cane  is  another  important  sirup,  as  is  also  the  sirup  made  from 
sorghum  by  methods  very  much  like  those  used  in  the  manufacture 
of  sirup  from  sugar  cane.  Very  much  used,  too,  are  the  homemade 
sirups  obtained  by  boiling  sugar,  either  white  or  brown,  with  water. 
A  little  caramel  made  by  burning  sugar  in  a  frying  pan  and  dissolving 
it  in  water  may  be  added  to  the  sirup  to  give  both  color  and  flavor. 
Some  housekeepers  add  a  little  vinegar  to  homemade  sirup,  which 
imparts  a  flavor  and  inverts  more  or  less  of  the  sugar.  Sometimes 
Water  in  ^iWch  several  corncobs  have  been  boiled  is  used  in  making 
homemade  sugar  sirups,  the  cobs  imparting  a  flavor  which  many 
relish  and  which  is  said  to  suggest  maple.  In  Europe  a  sirup  called 
"whey  honey"  is  made  by  boiling  down,  with  sugar,  the  whey  drained 
from  cottage  (sour  milk)  cheese  until  it  is  thick  as  honey,  the  propor- 
tions being  1  potmd  of  sugar  to  a  quart  of  whey.  This  has  a  pleasant 
and  distinctive  flavor. 
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An  interesting  example  of  the  use  of  molasses  in  quantity  is  fur- 
nished by  the  negroes  in  some  regions  of  the  Southern  States.  Dietary 
studies  in  the  Black  Belt  of  Alabama  showed  that  the  diet  was  made 
up  almost  entirely  of  molasses,  frequently  homemade,  com  meal,  and 
fat  pork. 

The  different  grades  of  molasses  obtained  as  by-products  in  the 
manufacture  of  sugar  from  sugar  cane  have  always  been  pcTpular  as 
table  sirups  and  for  cookery.  Molasses  produced  by  the  open-kettle 
process  of  boiling  is  the  most  highly  appreciated,  and  for  a  long  time 
was  a  staple  article  for  both  purposes.  Generally  speaking,  it  can 
now  be  obtained  only  in  the  Southern  States  and  there  in  small 
quantities  only,  since  the  modem  process  of  sugar  making  has  prac- 
tically eliminated  this  open-kettle  molasses  from  the  market.  To 
supply  its  place,  the  manufacture  of  sirup  directly  from  the  sugar 
cane  and  without  the  separation  of  any  kind  of  sugar  has  come  to  be 
practiced  extensively  in  the  South,  particxdarly  in  (Jeorgia,  Florida, 
Alabama,  Mississippi,  and  Louisiana.  According  to  an  early  publi- 
cation of  this  departnient,  ''this  sirup  forms  a  delicious,  wholesome, 
and  valuable  condimental  food  substance,  the  use  of  which  is  rapidly 
extending;  and,  because  of  its  merits,  it  appears  destined  to  become 
a  very  important  food." 

For  some  reason  the  public  has  come  to  judge  sirup  lai^ely  by  its 
color.  Many  prefer  a  dark  product  for  cooking,  partly  because  it 
colors  the  material  with  which  it  is  mixed,  and  partly  because  the 
dark  color  is  still  associated  in  their  minds  with  the  flavor  of  old- 
fashioned  molasses.  For  table  use,  however,  a  light-colored  sirup 
is  usually  preferred.  In  this  case  the  fact  has  apparently  been  over- 
looked that  if  properly  manufactured  good  sirup  must  possess  some 
color,  since  in  the  evaporation  of  the  sugar  juice  in  an  open  kettle  or 
pan  a  high  temperature  is  employed,  which  causes  an  inversion  of 
some  of  the  sugar,  and  also  has  a  tendency  to  produce  caramel  which 
imparts  a  color  to  the  sirup.  Though  a  light-colored  sirup  is  popular, 
a  brown  color  does  not  mean  that  the  sirup  is  not  of  good  quality. 

There  are  also  in  use  in  this  country  quantities  of  table  sirups 
which  are  simple  mixtures,  the  chief  ingredient  of  which  is  commer- 
cial glucose,  and  the  flavor  of  which  comes  very  largely  from  some 
of  the  sirups  and  molasses  mentioned  above.  In  certain  of  these 
mixtures  which  owe  their  flavor  and  color  to  ''refining  simp,"  a 
by-product  of  the  sugar  refinery,  the  content  of  soluble  salts  is  large 
enough  to  impart  a  distinct  saline  flavor.  The  bone  black  used  in 
purifying  the  sugar  also  affects  the  flavor  of  "refining  sirup."  Since 
the  Federal  pure-food  law  was  enacted  such  mixtures  bear  a  label 
showing  the  constituents. 

Sugar-beet  molasses  is  not  used  for  table  purposes,  .as  no  way  has 
been  found  to  free  it  commercially  from  objectionabie  impurities. 

536 


Digitized  by 


Google 


SUGAB  AND  ITS  VALUE  AS  FOOD.  28 

VUTBITIVE  VALUE  OF  SUGAE  CAXTK 

The  entire  jnice  of  the  ripened  sugar  cane  is,  of  course,  more  nearly 
a  complete  food  than  its  crystallized  sugar,  for  it  contains  other  con- 
stituents besides  carbohydrates.  It  is  elaborated  by  the  plant  as  a 
rich  food  for  building  up  yoimg  leaves  and  buds.  In  sugar-producing 
countrijes  the  cane  is  regarded  as  a  staple  food  during  its  season. 
All  classes  of  people  chew  the  ripe  cane  freed  from  its  hard  rind, 
incredible  quantities  being  consumed  in  this  way.  Shiploads  are 
brought  daily  to  the  markets  of  Rio  Janeiro  and  West  Indian  towns. 
For  months  the  chief  food  of  the  negro  laborers  on  the  plantations  is 
said  to  be  the  sugar  cane,  and  they  are  seen  to  grow  strong  and  fat 
as  the  harvesting  season  advances,  although  they  may  begin  it  weak 
and  half-starved. 

PRACTICAL  USE  OF  SUGAR  IV  TSS  OSDINART  DIET. 

Sugar  was  formerly  regarded  as  a  condiment  and  valued  chiefly 
for  its  pleasant  taste,  but  its  food  value  has  been  fully  established 
and,  considOTing  the  imimense  quantities  at  present  consumed,  it  is 
very  important  to  determine  the  extent  of  its  usefulness  in  dietaries. 

It  has  been  ascertained  that  in  large  numbers  of  well-to-do  families 
in  this  country  about  2  pounds  per  week  per  person  are  consumed. 
It  would  seem  that  this  amount,  or  about  one-fourth  of  a  pound 
daily,  taken  in  addition  to  other  food,  is  well  utilized  by  the  system. 
There  is  some  question  regarding  the  desirability  of  using  lai^er  quan- 
tities. The  use  of  sugar  it  would  seem  should  be  limited  in  two  ways: 
(1)  The  amount  consumed  should  not  be  greater  than  may  be  readily 
assimilated,  else  it  would  overioad  the  stomach  and  bring  on  diges- 
tive disturbances  and  in  some  cases  might  produce  pathological  con- 
ditions in  the  excretory  organs;  and,  (2)  the  sugar  should  not  be  taken 
in  a  solution  or  other  form  so  concentrated  that  it  causes  a  burning 
sensation  or  other  digestive  disturbance  (see  p.  24).  The  question 
of  possible  permanent  injury  from  the  use  of  fairly  large  amoimts  of 
sugar  seems  to  be  an  open  one,  and  certainly  the  extreme  views 
which  are  sometimes  found  in  popular  writings  do  not  seem  to  be 
entertained  by  well-informed  physiologists,  the  conclusion  generally 
accepted  being  that  used  in  reasonable  amounts  sugar  is  both 
wholesome  and  nutritious. 

AMOUNT  AND  OONCENTBATION. 

Sugar  differs  greatly  from  starch  in  the  amount  that  can  be  properly 
used  in  the  system.  Starchy  foods, 'such  as  potatoes,  bread,  etc.,  can  be 
digested  and  utilized  in  very  large  quantities.  As  much  as  600 
grams  <1.3  pounds)  of  starch  per  day  may  be  digested  for  many  days 
without  difficulty.  This  amount  of  starch  is  contained  in  2.5  or  3 
pounds  of  bread,  or  in  6  or  7  poxmds  of  potatoes.     Fewer  tests  have 
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been  made  regarding  the  maximum  amount  of  sugar  that  may  be 
used  by  the  system.  Vaughan  Harley  used  large  quantities  of  sugar 
in  some  of  his  experiments  on  himself,  but  400  grams  (nearly  a  pound) 
daily  for  some  time  very  much  affected  his  digestion. 

Since,  as  scientific  investigators  seem  agreed,  the  digestion  of  sugar 
is  relatively  so  rapid,  assimilation  and  storage  in  the  liver  can  not 
keep  pace  with  its  absorption  from  the  intestines  if  it  is  tak^i  in 
large  quantities.  In  this  case,  part  of  the  sugar  will  be  excreted 
unchanged.  !Not  only  is  this  excess  of  sugar  wasted,  but  such  an 
imnatural  tax  on  the  excretory  organs,  if  constant  and  long  con- 
tinued,'might  end  in  disease.  It  is  also  a  matter  of  common  obser- 
vation that  large  amounts  of  sugar*  and  sweetened  food  are  apt  to  be 
accompanied  by  undue  fermentation  in  the  stomach  and  intestines. 
If  this  occurs  it  shows  that  the  quantity  of  sugar  eaten  is  too  great. 

In  this  regard,  investigators  have  pointed  out  that  sugar  bears  much 
the  same  relation  to  starch  that  peptone,  one  of  the  products  of  meat 
digestion,  does  to  meat.  Both  sugar  and  peptone  are  very  diffusible, 
and  thus  enter  rapidly  into  the  circulation,  strong  solutions  at  the 
same  time  irritating  the  mucous  membrane  with  which  they  come 
into  contact  by  virtue  of  their  water^abstracting  power.  The ' '  furry  " 
feeling  noticed  when  a  piece  of  hard  candy  is  held  in  the  mouth  for 
some  time  against  the  cheek  is  a  familiar  example  of  the  effect  pro- 
duced on  sensitive  membrane  by  a  concentrated  solution  of  sugar, 
which  is  undoubtedly  due  to  the  fact  that  equilibrium  of  density  is 
not  readily  established  between  the  liquid  of  the  two  sides  of  the 
membrane.  The  digestive  disturbances  noted  when  very  concen- 
trated solutions  of  sugar  or  other  substances  are  taken  into  the 
stomach  are  attributed  to  similar  causes;  that  is,  to  differences  in  the 
density  of  solutions  on  the  two  sides  of  the  living  membrane. 

Doubtless  because  sugar  is  commonly  excluded  from  the  diet  of 
diabetics  the  statement  has  been  made  that  eating  sugar  is  the  cause 
of  this  disease,  which  of  course  does  not  follow.  Such  an  opinion  is 
not  entertained  by  physiologists,  as  is  apparent  from  the  statement 
in  a  recent  report*  of  the  Connecticut  State  Agricultural  Experi- 
ment Station,  which  shows  the  fallacy  of  such  a  belief.  That  sugar, 
honey,  sirup,  etc.,  "produce  diabetes"  would,  according  to  the 
report,  be  "startling  if  true." 

It  is  sometimes  said  that  sugar  produces  gout.  There  seems  to  be 
no  proof  of  this  theory. 

Sugar  seems  ill  adapted  to  the  sick,  except  when  used  in  very  small 
quantities  as  a  flavor.  Jacobi^  remarks  that  the  absorption  of 
sugar  is  slower  by  sick  than  by  heajthy  children,  and  that  in  such 

1  Gonneoticat  State  Sta.  Rpt.  1911.  pt.  2,  p.  161. 
>  Therapeatios  of  InCeuicy  and  Childhood.    FhHadelphJa,  1896,  p.  16. 
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cases  only  a  little  should  be  given  and  never  in  conc^itrated  form. 
He  also  states  that  the  conversion  of  milk  sugar  into  lactic  acid 
takes  place  very  rapidly,  whUe  cane  sugar  is  not  so  readily  trans- 
formed, and  accordingly  he  insists  that  the  latter  be  added  to  the 
food  of  infants  and  children. 

When  any  bad  effects  can  be  ascribed  to  sugar  they  are  usually  due 
to  its  use  in  larger  quantities  than  the  3  or  4  oimces  a  day  which  seem 
to  be  digested  by  the  healthy  adult  without  difficulty.  Tlie  conclusion 
to  be  drawn  from  such  experimental  work  as  that  referred  to  is  that 
overeating  with  sugar  is  to  be  avoided,  not,  as  has  sometimes  been 
stated,  that  sugar  is  other  than  a  useful  foodstuff. 

The  statement  is  sometimes  made  that  sugar  is  imwholsome  because 
it  has  been  separated  from  the  plant  and  is  therefore  ''artificial." 
Like  a  host  of  other  statements  of  similar  popular  origin,  this  is  based 
on  belief  rather  than  experience  and  evidence  and  is  not  the  view 
generally  held.  Bimge  *  has  called  attention  to  the  lack  of  calciimi 
(lime)  and  iron  in  sugar  as  compared  with  honey  and  sweet  fruits. 
His  contention  that  Una  might  be  a  possible  source  of  danger  does 
not  seem  probable  when  one  considers  the  varied  character  of  our  diet 
and  its  abundant  supply  of  fruits  and  vegetables,  milk  products,  and 
other  foods  which  contain  calcium  and  iron.  The  object  sought  is,  of 
course,  to  supply  in  the  diet  aU  the  substances  which  the  body  needs, 
and  if  this  is  done  by  the  foods  as  a  whole,  the  possible  lack  of  a  con- 
stituent or  constituents  in  some  single  food  which  forms  a  part  of  the 
diet  is  not  of  importance.  If  for  any  reason  calcium  is  lacking  in 
the  diet,  the  deficiency  may  be  easily  made  good  by  increasing  the 
amount  of  milk  and  milk  products.  Similarly,  iron  may  be  increased, 
if  this  is  desirable,  by  taking  more  fruits,  green  vegetables,  and  the 
coarser  milling  products  of  the  cereal  grains,  foods  which  are  within 
thp  reach  of  practically  everyone. 

It  will  be  noticed  that  sugar  as  it  exists  in  natiu'e — e.  g.,  in  the 
sugar  cane,  in  milk,  and  in  most  fruits — is  not  highly  concentrated. 
In  milk  it  constitutes  from  4  to  6  per  cent.  It  would  seem  that  the 
animal  orgamsm  is  best  adapted  to  the  utilization  of  food  principles 
in  the  somewhat  dilute  or  bulky  form  in  which  they  occur  in  the 
commonly  accepted  foods — protein  as  found  in  meat,  milk,  etc., 
starch  in  grains,  and  sugar  in  small  quantities  at  a  time  as  found  in 
vegetable  juices  and  milk  and  in  combination  with  other  foods — and 
that  it  does  not  readily  accept  unlimited  amounts  of  chemically  iso- 
lated and  purified  food  principles.  Most  of  the  statements  which 
have  been  made  regarding  the  amounts  of  sugar  which  are  well  toler- 
ated depend  upon  evidence  obtained  in  experiments  in  which  the  sugar 

1  Ztschr.  BtoL,  51  (1901),  p.  165. 
635 


Digitized  by 


Google 


26  SUGAB  AND  ITS  VALUE  AS  POOD. 

was  used  dissolved  in  liquid,  as  in  tea,  coffee,  or  some  simQar  way, 
or  from  experience  of  the  results  which  sometimes  follow  when  a 
lai^e  quantity  of  sirup  or  candy  or  some  similar  product  rich  in  sugar 
is  taken.  How  far  the  conclusions  drawn  would  apply  to  sugar  taken 
in  cake,  pastry,  custards,  and  other  cooked  foods  can  not  be  stated 
definitdy,  as  few  tests  have  been  made  upon  the  digestibility  of  such 
foods.  With  the  exception  of  thick  preserves  and  some  similar  foods, 
in  which  sugar  is  used  as  a  preservative  as  well  as  a  flavor,  most 
cakes,  custards,  and  other  foods  flavored  with  sugar  contain  it  in 
moderate  amounts,  which  means  that  the  sugar  is  diluted  or  extended 
by  a  considerable  quantity  of  other  material.  In  this  connection  it 
may  be  said  that  it  is  the  usual  custom  to  take  sugar  in  dilute  form, 
as,  for  instance,  when  we  add  it  to  tea  or  coffee,  sprinkle  it  on  fruit, 
add  it  with  milk  or  cream  to  breakfast  cereab,  or  use  it  in  other  similar 
ways.  

STJGAB  AND  THB  TBBTH. 

It  is  often  said  that  sugar  is  harmful  to  the  teeth,  but  the  facts 
seem  to  be  as  follows:  According  to  the  theory  imiversally  accepted, 
the  decay  of  the  teeth,  technically  called  caries,  is  caused  by  bacteria, 
such  as  are  found  in  every  mouth,  entering  the  soft  portions  of  the 
teeth  through  defects  in  the  hard  outer  covering.  If  acid  is  present 
in  the  mouth,  and  especially  "in  the  interstices  of  the  teeth,  it  tends 
to  eat  into  the  enamel  and  thus  provide  an  entrance  for  the  caries- 
producing  bacteria.  Ordinarily,  sahva  is  alkaline  and  protects  the 
teeth  against  this  danger,  but  when  it  is  in  contact  with  sugar  or 
starch,  acid  is  produced,  hence  a  carbohydrate  material  lodged  upon 
the  teeth  may  be  the  indirect  cause  of  caries.  Some  authorities  hold 
that  certain  forms  of  sugar  cause  the  flow  of  a  less  alkaline  saUva, 
but  this  point  is  not  fully  estabUshed.  In  general,  it  is  beUeved 
that  starch  is  just  as  dangerous  as  sugar,  and  that  the  form  and  man- 
ner in  which  the  material  is  eaten  is  a  more  im]>ortant  consideration 
than  its  exact  chemical  structure.  Soft  foods  are  especially  likely  to 
cause  trouble,  both  because  bits  of  them  may  remain  on  the  teeth 
where  they  form  ** plaques"  which  are  centers  of  bacterial  action  bo 
long  as  they  remain,  and  because  they  are  swallowed  without  much 
chewing  and  th\is  do  not  rub  the  food  ** plaques"  or  other  deposits 
from  the  teeth.  Modem  speciahsts  consider  that  the  cleansing  action 
of  proper  mastication  is  as  important  for  the  preservation  of  the 
teeth  as  the  regular  use  of  a  toothbrush,  important  as  this  last  is. 
Any  soft  carbohydrate  food  eaten  alone  is  much  more  likely  to  leave 
a  deposit  on  the  teeth  than  if  it  is  eaten  in  combination  with  other 
foods.  If  candies  are  eaten  by  themselves,  they  are  more  likely  to 
cause  the  development  of  acid  in  the  mouth  than  if  they  are  taken 
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during  a  meal.  Some  physicians  advise  finishing  the  meal  with  acid 
fruit  for  the  sake  of  lessening  the  chances  of  carbohydrate  material 
clinging  to  the  teeth.  While  soft  foods  may  possibly  cause  trouble, 
the  hard  ones  may  also  be  dangerous,  especially  to  diseased  teeth, 
as  the  e£Fort  to  crush  them  may  tend  to  increase  flaws  in  the  enamel. 
Such  things  as  hard  crusty  food,  hard  candies  such  as  lemon  drops, 
stick  candy,  etc.,  ma;^  be  dangerous  in  this  respect,  thou^  investi- 
gations by  Q.  V.  Black  ^  on  the  crushing  force  of  the  teeth  have 
proved  that  soimd  teeth  are  capable  of  crushing  much  harder  sub- 
stances than  these  without  injury. 

B7FECT  OF  BZBBOISE  ON  THE  AKOITNT  OF  STJGAB  WHICH  HAY  BB 

BATBN. 

The  amount  of  sugar  that  may  be  eaten  without  bad  effects  depends 
much  on  the  amount  of  exercise  taken.  It  has  been  observed  that 
a  man  doing  hard  work  in  the  open  air  can  easily  assimilate  large 
quantities  of  sugar,  while  the  same  quantity  woiQd  cause  indigestion 
if  eaten  when  Uving  indoors  and  taking  Uttle  exercise.  This  is  what 
might  be  expected,  as  the  active  outdoor  life  means  much  physical 
work  or  exercise,  either  of  which  involves  much  muscular  energy. 
Sugar,  as  has  been  pointed  out,  is  a  valuable  energy-yielding  food. 

STJGAB  IN  COOEINa,  PBESBBVING,  AND  CONFBCTIONEBY. 

Sugar  is  used  in  cookery,  in  the  manufacture  of  confectionery, 
which  is  almost  entirely  sugar,  and  as  an  addition  to  a  great  variety 
of  foods.  It  is  almost  always  used  with  cooked  fruit,  cakes,  pastry, 
and,  m  general,  food  made  with  eggs  and  flour,  and  very  rarely  with 
meat  dishes  in  modem  cookery,  though  often  added  in  earUer  times, 
as  old  rpcipe  books  show,  to  meat  pies,  which  were  heavily  seasoned 
with  sugar  and  spice.  Mince  pie  is  one  of  the  very  few  surviving 
representatives  of  such  foods.  Sugar  and  fat  are  often  cooked 
together,  and  many  foods,  butter-scotch  for  example,  owe  their 
pleasing  flavor  to  this  combination.  Sugar  and  suet  are  often  used, 
as  in  puddings,  but  less  often  now  than  formerly. 

Sugar  added  in  cakes  and  pastry  affects  the  texture  as  well  as  the 
composition  and  flavor,  as  any  cook  knows.  A  special  form  of  cookery 
is  the  making  of  preserves,  jams,  jellies,  etc.,  and  in  these  sugar  in 
thick,  heavy  solution  not  only  adds  to  the  palatability  and  character  of 
the  flavor,  but  it  also  acts  as  a  preservative.  On  the  contrary,  thin 
solutions  of  sugar  alone  or  with  fruit  juices,  etc.,  are  very  readily  sub- 
ject to  decomposition  by  microorganisms.  Hence,  in  order  that  it 
may  act  as  a  preservative,  a  solution  of  sugar  must  be  concentrated. 

Without  doubt  more  sugar  is  used  in  cookery  and  in  making  jams. 


1 A  work  on  operative  dentistry,  Chicago  and  London,  1908,  VoL  I,  p.  161. 
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jelliee,  and  preserves,  and  in  making  confectionery  (which  is  a  special 
form  of  cookery)  than  in  any  other  way.  In  general  it  may  be  said 
that  for  ordinary  cakes  the  proportion  of  sugar  is  not  usually  greater 
than  one  part  by  measure  to  two  parts  of  flour,  and  that  too  much 
sugar  should  not  be  used  in  making  puddings,  cakeS;  etc.,  since 
oversweetening,  like  other  forms  of  overflavoring,  is  regarded  as  a 
mark  of  unskilled  cookery.  In  the  case  of  canned  fruits  a  common 
proportion  is  one  part  of  sugar  to  two  parts  of  fruit  by  weight;  for 
preserves,  equal  parts  of  sugar  and  fruit;  and  for  jellies,  three- 
quarters  to  one  part  by  weight  of  sugar  to  one  part  of  juice. 

Detailed  recipes  for  making  preserves,  jellies,  and  similar  articles 
are  given  in  earUer  bulletins  *  in  this  series.  Directions  for  making 
cakes,  pies,  puddings,  and  other  such  dishes  in  which  sugar  is  an 
important  part  can  be  found  in  cookbooks  and  similar  publications. 

Candy  of  the  better  grade  is  very  largely  made  up  of  sugar,  with 
the  addition  of  various  coloring  matters  and  flavors,  nuts,  fruit,  etc., 
and  sometimes  fat,  starch,  and  commercial  glucose.  The  food  value  of 
most  candies  may  be  expressed  by  the  amount  of  the  sugar  contained 
(72  to  96  per  cent),  but  as  regards  wholesomeness  the  other  in- 
gredients must  be  taken  into  account.  The  coloring  matters  used  in 
cheap  candies  are  nearly  all  compounds  of  anilin  or  other  coal-tar 
products,  some  of  which  are  thought  to  be  harmless.  Some  of  the 
coloring  matters  and  flavors  used,  however,  have  been  shown  to  be 
harmful.  Ordinary  caution  would  suggest  that  children,  at  least, 
be  allowed  to  partake  very  sparingly  of  such  unknown  compounds. 
Two  hundred  and  fifty  samples  of  cheap  candy  examined  by  the 
Bureau  of  Chemistry  of  this  department  a  few  years  ago  were  found 
to  be  made  up  largely  of  commercial  glucose  with  a  little  sugar  and 
starch.  Candies  are  often  exposed  to  the  dust  and  dirt  in  stores  and 
booths,  taken  out  of  jars  and  boxes  by  dirty  hands,  or  weighed  in 
scales  of  questionable  cleanliness.  Dangerous  microorganisms  such 
as  are  frequently  present  in  dust  may  thus  lodge  on  them  and  bo 
eaten  with  the  candy.  Cleanliness  in  the  marketing  of  this  class  of 
goods  is  just  as  necessary  as  in  the  case  of  fruits  or  vegetables,  per- 
haps more  so,  as  the  others  can  be  washed  if  they  are  to  be  eaten 
raw,  and  candies  would  not  be  washed. 

Studies  recently  made  in  Pennsylvania  *  show  that  while  there  has 
been  marked  improvement  in  the  quality  of  cheap  candies  during 
the  last  few  years,  there  is  room  for  still  greater  improvement  in  the 
form  of  these  candies  and  the  method  of  marketing  them.  Many  are 
made  in  the  form  of  whistles,  marbles,  belts,  and  necklaces,  which 
the  children  often  play  with  and  which  become  very  dirty  before  they 

>  U.  S.  Dept.  Agr.,  Farmers'  Buls.  203,  Caoned  Fruit,  Preserves,  and  JelUeB—Hoaaehdid  Methods  of 
Preparation;  359,  Canning  Vegetables  in  the  Home;  and  426,  Canning  Peaches  on  the  Farm. 
*  Pennsylvania  Dept.  Agr.,  Dairy  and  Food  Div.  BuL  216. 
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are  eaten.    The  desirability  of  having  candies  wrapped  or  at  least 
protected  from  dust  and  dirt  while  exposed  for  sale  is  evident. 

The  custom  of  marketing  candies  wrapped  or  of  packing  them  in 
boxes,  etc.,  at  the  factory  is  a  growing  one,  particularly  with  the  more 
expensive  sorts,  and  is  certainly  a  measure  which  makes  for  cleanli- 
ness. With  respect  to  the  candies  themselves,  manufacturers  who 
realize  their  responsibility  endeavor  to  insure  sanitary  conditions  in 
their  manufactories.  In  a  number  of  States  the  candy  factories,  like 
like  other  food  manufactories,  are  inspected  under  State  auspices. 

SUGAB  IN  FBTTITS. 

A  large  number  of  studies  of  fruits  and  fruit  products  by  the  Cali- 
fornia experiment  station  indicate  that  the  food  value  of  fruits  is 
largely  due  to  the  various  sugars  they  contain,  the  ones  most  com- 
monly found  being  cane  sugar,  grape  sugar  or  dextrose,  and  fruit 
sugar  or  levulose,  the  last  two  usually  present  together  in  equal 
quantities,  in  which  case  they  are  collectively  known  as  invert  sugar, 
though  sometimes  not  in  equal  quantities,  in  which  case  they  are 
called  reducing  sugar. 

The  stage  of  growth  and  the  degree  of  ripeness  have  a  very  decided 
effect  on  the  kind  and  amount  of  sugar  present  in  fruits,  and  it  is 
therefore  diflBcult  to  give  average  figures  which  will  fairly  represent 
the  quantities  present.  According  to  figures  published  several  years 
ago,  invert  sugar  ranges  from  about  2  per  cent  in  large  early  apricots 
to  15  per  cent  in  grapes  and  a  variety  of  sweet  cherries,  while  straw- 
berries, gooseberries,  raspberries,  and  apples  contain  about  half  the 
latter  quantity.  The  cane  sugar  ranges  from  less  than  1  per  cent  in 
lemons  to  14  per  cent  in  a  variety  of  plums.  Ripe  bananas  were  also 
found  to  contain  a  fairly  high  percentage,  namely,  11  per  cent. 

Dried  fruits,  like  figs,  dates,  and  raisins,  which  have  been  con- 
centrated by  evaporation,  naturally  contain  much  greater  propor- 
tions of  sugar  than  fresh  fruits,  the  amount  of  levulose  reported  being 
sometimes  over  50  per  cent.  The  use  of  such  sweet  fruits  for  sweet- 
ening cooked  brealrfast  cereals  and  other  dishes  is  by  no  means  un- 
common. The  question  of  the  sugar  content  of  fresh  fruits  and  dried 
fruits  and  their  value  as  food  has  been  discussed  in  earlier  publications.* 

Jams,  jeUies,  and  similar  products  almost  always  contain  added 
sugar,  and  hence  their  nutritive  value  may  be  considerable.  Home- 
made jams  are  often  cooked  longer  than  the  commercial  ones,  and 
therefore  may  contain  a  larger  proportion  of  invert  sugar.  On  the 
other  hand,  commercial  brands  are  often  made  with  glucose,  but  the 
law  requires  that  the  fact  be  stated  on  the  label,  along  with  the  pro- 
portions of  chemical  preservatives,  etc.,  if  present.     (See  also  p.  12.) 

>U.  S.  Dept  Agr.,  Fanners'  BuL  283,  Use  of  Froit  aa  Food;  U.  S.  Dept  Agr.,  Yearbook  1912,  p.  £06, 
BaislDS,  FJgi,  and  Other  Dried  Fruits,  and  Tbeir  Uses  as  Food. 
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SITOAB  Iir  THE  DIETABIES  OF  CHILDBEV. 

The  amount  of  sugar  to  be  given  children  and  in  what  form  is  a 
question  of  much  importance.  Sugar  would  seem  to  be  a  food  espe- 
cially adapted  to  children  because  of  their  great  activity.  The  rela- 
tively small  body  of  the  child  loses  more  heat  from  the  skin  for  every 
pound  of  body  weight  than  does  the  larger  person,  and  children,  on 
this  accoimt  and  because  of  their  active  life,  require  proportionally 
more  heat  units  in  their  food  than  do  adults. 

Fat,  especially  fat  meat,  which  could  readily  supply  this  need,  is 
often  disliked  by  the  child,  and  his  relish  for  all  kinds  of  sweets  has 
doubtless  a  physiological  basis.  It  is  to  be  remembered,  however, 
that  before  the  introduction  of  cane  sugar  as  we  now  know  it  count- 
less generations  of  children  had  been  reared  without  its  help.  The 
digestibihty  of  sugar  and  sweetened  foods  for  children  and  their  in- 
fluence on  the  appetite  for  other  foods  must  decide  to  what  extent 
sugar  is  to  replace  starch  in  the  dietary  and  how  far  it  may  be  safely 
used  as  a  flavor. 

Until  a  child's  stomach  is  capable  of  digesting  starch  the  needed 
carbohydrate  is  furnished  in  the  sugar  of  milk,  the  child  a  year  old 
who  drinks  2  quarts  of  milk  a  day  taking  in  this  way  about  3  ounces 
of  milk  sugar.  As  the  stomach  becomes  abld  to  digest  starch  the 
child  is  less  and  less  dependent  on  the  sugar  of  milk,  replacing  it  with 
the  carbohydrates  of  vegetable  origin,  wjxile  the  protein  and  fat  found 
in  eggs,  meat,  breakfast  cereals,  and  bread  and  butter  take  the  place  of 
those  constituents  that  were  at  first  exclusively  furnished  in  milk. 
Milk,  however,  remains  throughout  childhood  a  valuable  source  of 
all  these  food  principles. 

The  fact  that  sugar  has  a  high  food  value  Is  not  the  only  point  to 
be  considered.  The  child  will  easily  obtain  the  needed  carbohydrates 
in  other  forms,  and  will  thrive  if  its  digestion  remains  sound  and  its 
relish  for  wholesome  food  unimpaired.  For  instance,  one  often  hears 
it  said  that  a  certain  child  does  not  relish  milk.  In  such  cases  it 
might  be  found  that  the  child's  appetite,  being  sated  by  sugar  in 
other  foods,  is  no  longer  attracted  by  the  mUd  sweetness  of  fresh 
milk,  delicious  as  it  is  to  the  unspoiled  palate.  It  would  be  well, 
perhaps,  in  this  instance  to  cut  down  the  allowance  of  sugar  in  the 
hope  of  restoring  the  taste  for  so  invaluable  a  food  as  milk.  Many 
believe  that  the  infant,  even  in  its  second  year,  should  not  be  per- 
mitted to  taste  sweets,  in  order  to  prevent  perversion  of  the  appetite. 
Even  much  later,  for  the  same  reason,  the  introduction  of  large 
amounts  of  sugar  into  the  daily  food  of  children  is  to  be  carefully 
considered.  Children  do  not  require  a  variety  of  flavors  to  stimulate 
the  appetite,  but  the  taste  is  easily  perverted  and  the  restoration  of 
a  normal  appetite  is  difficult.     Those  who  have  studied  the  food 
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habits  of  children  seem  to  agree  that  sugar  should  from  the  very 
first  be  withheld  from  the  diah  that  forms  the  staple  food  of  the 
child — that  is,  the  mush  or  porridge  of  oatmeal  or  other  cereal. 
This  article  of  diet,  eaten  only  with  milk  or  cream,  falls  into  the  same 
class  as  bread  and  milk  and  forms  the  simple,  wholesome  basis  of  a 
meal.  The  sugar  given  the  child  is  better  furnished  in  the  occasional 
simple  pudding,  in  the  lump  of  sugar,  or  homemade  candy,  not  that 
its  food  value  is  better  utilized,  but  that  the  whole  diet  of  the  child 
is  thus  made  more  wholesome.  In  sweet  fruits,  fully  ripened,  the  child 
finds  sugar  in  a  healthful  form,  and  they  should  be  freely  furnished. 

GOMPABATIVE  COST  OF  SXTOAB  AS  FOOD. 

Ten  cents'  worth  of  sugar  at  6  cents  per  pound  would  furnish 
2,920  calories  of  energy.  At  6  or  7  cents  per  pound  sugar  compares 
favorably  with  other  foods  as  a  source  of  energy,  although  it  is  more 
expensive  than  starch  in  the  form  of  such  cereal  foods  as  wheat  flour, 
com  meal,  and  oatmeal,  which  contain  65  to  80  per  cent  of  carbo- 
hydrates and,  in  addition,  10  to  14  per  cent  of  protein,  and  cost  from 
2.5  to  4  cents  per  pound.  Judging  from  the  results  of  many  dietary 
studies,  the  average  cost  of  sugar  in  the  daily  ration  is  about  2  centS) 
and,  compared  with  some  other  common  foods,  sugar  is  not  an  ex- 
pensive item  in  the  dietary. 

OEVEBAL  GOVGLXTSIOVS. 

One  may  say  in  general  that  the  wholesomeness  of  sweetened  foods 
and  their  utilization  by  the  system  is  largely  a  question  of  quantity 
and  concentration.  For  instance,  a  simple  pudding  flavored  with 
sugar  rather  than  heavily  sweetened  is  considered  easy  of  digestion, 
but  when  more  sugar  is  used,  with  the  addition  of  eggs  and  fat,  we 
have  as  the  result  highly  concentrated  forms  of  food,  which  can  be 
eaten  with  advantage  only  in  moderate  quantities  and  which  are 
entirely  unsuited  to  children  and  invalids. 

It  is  true  that  the  harvester,  lumberman,  and  others  who  do  hard 
work  in  the  open  air  consume  great  amounts  of  food  containing  con- 
siderable quantities  of  sugar,  such  as  pie  and  doughnuts,  and  appar- 
ently with  impunity;  but  it  is  equally  true  that  people  living  an 
indoor  life  find  that  undue  amounts  of  pie,  cake,  and  pudding,  with 
highly  sweetened  preserved  fruit,  and  sugar  in  large  amounts  on 
cooked  cereals,  almost  always  bring  indigestion  sooner  or  later. 

From  a  gastronomic  point  of  view  it  would  seeipi  also  that  in  the 
American  cuisine  sugar  is  used  with  too  many  kinds  of  food,  with  a 
consequent  loss  of  variety  and  piquancy  of  flavor  in  the  different 
dishes.  The  nutty  flavor  of  grains  and  the  natural  taste  of  mild  fruits 
are  very  often  concealed  by  the  addition  of  large  quantities  of  sugar. 
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In  the  diot  of  the  undemouiished  larger  amounts  of  sugar  would 
doubtless  help  to  supply  adequate  nutrition.  This  point  is  often 
urged  by  European  hygienists.  In  the  food  of  the  well-to-do  it  is 
often  the  case,  however,  that  starch  is  not  diminished  in  proportion 
as  sugar  is  added.  That  sugar,  on  account  of  its  agreeable  flavor, 
furnishes  a  temptation  to  take  more  carbohydrate  food  than  the 
system  needs  can  not  be  denied.  The  vigor  of  digestion  and  muscular 
activity  in  each  particular  case  would  seem  to  suggest  the  limit.  A 
lump  of  sugar  represents  about  as  much  nutriment  as  an  ounce  of 
potato,  but,  while  the  potato  will  be  eaten  only  because  hunger 
prompts,  the  sugar,  because  of  its  taste,  may  be  taken  when  the 
appetite  has  been  fully  satisfied. 

Sugar  is  a  useful  and  valuable  food.  It  must,  however,  be  remem- 
bered that  it  is  a  concentrated  food,  and  therefore  should  be  eat^i 
in  moderate  quantities.  Further,  like  other  concentrated  foods, 
sugar  seems  best  fitted  for  assimilation  by  the  body  when  supplied 
with  other  materials  which  dilute  it  or  give  it  the  necessary  bulk. 

Persons  of  active  habits  and  good  digestion  will  add  sugar  to  their 
food  almost  at  pleasure  without  inconvenience,  while  those  of  seden- 
tary life,  of  delicate  digestion,  or  with  a  tendency  to  corpulency  would 
do  better  to  use  sugar  very  moderately.  It  is  generally  assumed  that 
4  or  5  ounces  of  sugar  per  day  is  as  much  as  it  is  well  for  the  average 
adult  to  eat  under  ordinary  conditions. 

(A  list  giving  the  titles  of  all  Farmers'  Bulletins  available  for  dis- 
tribution will  be  sent  free  upon  application  to  a  Member  of  CongreBS 
or  the  Secretary  of  Agriculture.) 
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STOCK  POISONING  DUE  TO  SCARCITY  OF  FOOD. 


IKTEODXTCTIOlf. 

It  is  generally  recognized  that  the  heaviest  losses  of  live  stock  from 
poisonous  plants  occur  in  seasons  when  feed  is  short,  but  the  intimate 
relation  between  such  losses  and  the  food  supply  does  not  seem  to  be 
appreciated  at  its  full  value.  If  it  were  imderstood  and  acted  upon 
intelligently  there  would  be  much  less  complaint  of  harm  done  by 
poisonous  plants. 

POISOHDre  PBOBABLE  OHIT  WHEH  FEED  IS  SGAECE. 

Stock  seldom  eat  poisonous  plants  when  good  feed  is  available. 
This  is,  in  gen?ral,  true  even  for  the  loco  weeds,  although  it  is  well 
known  that  some  animals  have  a  loco  habit  and  will  eat  these  weeds 
in  preference  to  anything  ^Lse.  This  habit,  however,  is  usually  ac- 
quired during  a  season  of  short  feed,  when  the  loco  weeds  are  the 
most  attractive  form  of  vegetation.  If  the  stock  can  be  prevented 
from  acquiring  the  habit  during  this  period  of  scarcity,  there  will  be 
very  few  locoed  animals. 

Larkspur  poisoning  is  most  likely  to  occur  either  during  the  season 
of  short  feed  or  on  an  overgrazed  area;  in  either  case  the  larkspur 
is  the  most  conspicuous  form  of  vegetation  to  attract  the  animals 
and  is  eaten  in  lieu  of  anything  better. 

The  roots  of  water  hemlock  (Cicuta)  are  picked  up  when  there  is 
little  else  to  eat  and  with  disastrous  results. 

Successive  bands  of  sheep  are  driven  over  the  same  trail  until 
everything  suitable  for  food  disappears,  and  then  there  follow  cases 
of  poisoning  from  wild  cherry.  On  some  trails  there  is  an  almost 
continuous  hedge  of  wild  cherry,  and  the  leaves  are  eaten  as  high  as 
the  sheep  can  reach.  We  may  assume  that  in  such  cases  the  first  to 
pass  over  the  trail  are  not  poisoned,  because  there  is  something  else 
to  eat,  and  the  last  are  not  poisoned,  because  at  that  time  even  the 
poisonous  plants  have  been  consumed. 

Sheep  are  sometimes  bedded  in  the  same  place  for  several  suc- 
cessive days.  Under  such  circumstances  everything  near  the  bedding 
groimd  is  eaten,  and  if  there  are  any  poisonous  plants  some  of  the 
sheep  are  pretty  sure  to  get  them.     One  of  the  heavy  losses  of  the 
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4  STOCK    POISONING   DUE   TO    SCAECITY    OF   POOD. 

season  of  1912  was  brought  about  in  this  way.  For  five  nights  a 
band  was  bedded  in  the  same  place,  with  a  consequent  loss  of  200 
head.  A  band  in  the  same  neighborhood  wandering  without  a  herder 
suffered  no  loss. 

If  sheep  are  poisoned  by  milkweeds,  and  the  evidence  seems  to  be 
fairly  conclusive  that  they  are,  it  is  only  when  there  is  little  else  to 
eat,  for  sheep  do  not  eat  milkweeds  xmder  normal  conditions. 

In  the  Carolinas,  cattle  are  poisoned  by  ''stagger  grass"  (Amianr^ 
thium  TmLscaetoxicum)  only  in  the  spring.  This  lily  then  grows  luxu- 
riantly, at  a  time  when  there  is  little  or  no  grass,  and  the  cattle  eat  it 
in  default  of  something  better. 

GONGLXTSIOHS. 

The  plants  here  referred  to  have  been  mentioned  only  as  definite 
examples  of  a  general  truth.  Stock  seldom  eat  poisonous  plants  by 
choice,  but  only  ^hen  induced  or  compelled  by  the  scarcity  of  other 
food.  It,  perhaps,  can  not  be  too  strongly  impressed  upon  those 
using  the  stock  ranges  that  their  losses  may  be  very  largely  reduced 
if  they  will  recognize  this  fact  and  take  a  few  obvious  precautions. 

(1)  Stock  should  not  be  turned  out  upon  the  range  where  there  is 
little  to  eat  except  poisonous  plants.  This  is  especially  dangerous 
when  the  stock  have  been  on  dry  feed. 

(2)  In  a  region  where  certain  areas  are  definitely  known  to  be 
infested  with  poisonous  plants,  stock  should  be  kept  away.  This  is 
especially  necessary  when  the  general  range  is  short,  either  because 
grass  has  not  started  to  grow  or  because  it  has  been  overgrazed. 
When  the  range  is  well  covered  with  good  grasses,  herding  away 
from  poisonous  areas  is  ordinarily  unnecessary. 

(3)  When  stock  are  trailed  from  one  place  to  another,  they  should, 
so  far  as  possible,  be  driven  through  a  country  with  plenty  of  good 
feed.  If  it  is  necessary  to  drive  them  through  a  locality  supposed  to 
be  infested  with  poisonous  plants,  care  should  be  taken  to  see  that  the 
stock  are  not  hungry  when  going  through  this  region.  It  is  much 
better  to  make  such  a  drive  in  the  afternoon  rather  than  in  the  morn- 
ing. Special  precautions  must  be  taken  when  it  is  necessary  to  pass 
over  a  trail  that  has  been  used  by  many  others,  for  all  good  feed 
will  have  disappeared  and  the  stock  will  eat  whatever  is  left.  Sheep 
should  not  be  bedded  for  several  successive  nights  in  the  same  place. 
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nfTEODXTCTIOH. 

For  no  10-year  period  has  the  com  yield  of  the  United  States  ex- 
ceeded 28  bushels  per  acre.  No  State  has  averaged  for  any  year  over 
54  bushels  per  acre,  yet  in  practically  every  section  of  the  United 
States  yields  of  more  than  100  bushels  have  been  produced.  As  States 
and  as  a  Nation  twice  as  much  land  is  being  used  and  much  more 
labor  is  being  performed  in  producing  the  com  crop  than  is  necessary. 

The  possibility  of  doubling  our  acre  yield  of  com  is  so  certr.in  and 
its  accomplishment  of  such  tremendous  importance  that  school, 
State,  national,  and  independent  organizations  of  corn  clubs  and 
associations  of  com  breeders  and  com  growers  are  helping  in  a  way 
that  will  lead  to  success.  Such  clubs  and  associations  are  especially 
fitted  for  this  most  important  work,  for  they  combine  the  yearly 
experience  of  many  and  can  continue  their  records  indefinitely,  each 
year  profiting  by  past  experiences. 

In  the  following  pages  some  fundamental  requirements  for  large 
and  profitable  corn  yields  on  1  acre  are  given  for  the  general  guidance 
of  boys  either  as  individuals  or  as  members  of  clubs  and  associations. 
Bxceptional  and  local  conditions  are  not  here  discussed.  General 
and  fundamental  requirements  of  the  crop  as  gained  by  experiences 
in  many  parts  of  the  United  States  are  given  as  a  foundation  upon 
which  to  utilize  and  apply  local  experience  and  instructions  from 
those  possessing  such  experience. 

WHAT  EnSTD  OF  GOEN  TO  OBOW. 

Grow  the  kind  that  is  lik<>ly  to  prove  most  profitable. 

If  near  a  good  market  for  roasting  ears  or  a  canning  factory  sweet 
com  may  prove  most  profitable,  or  under  certain  conditions  pop  com 
might  pay  best.     (Figs.  1  and  2.) 

For  some  sections  varieties  of  the  dent-com  group  are  too  soft  to 
resist  decay  and  varieties  of  the  flint-corn  group  are  more  profitable. 
(Figs.  3  and  4.) 

>  Copies  of  any  of  the  following  Fanners'  Bulletins  ui>on  the  subject  of  com  will  be  sent  free  of  charge 
upon  application  to  a  Senator  or  Representative  in  Congress  or  to  the  Secretary  of  Agriculture:  81,  Com 
culture  in  the  South;  229,  The  production  of  good  seed  com;  253,  The  germination  of  seed  corn;  272,  A  suc- 
cessful hog  and  seed-corn  larm;  296,  Food  value  of  corn  and  com  products;  303,  Com-harvesting  ihachinery ; 
313,  Harvesting  and  storing  oora;  400,  A  more  profitable  oom-planting  method;  409,  School  lessons  on 
com;  414,  Cora  cultivation;  and  415,  Seed  corn. 
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HOW   TO   GROW   AN   ACRE   OF   CORN. 


In  practically  every  corn-growing  community  there  is  a  strong 
demand  every  spring  for  first-class  seed  com. 

The  acre  can  be  made  highly  profitable  if  devoted  to  the  growing 
of  seed  com  of  the  most  productive  variety  for  the  neighborhood. 


Pio.  1.— A  good  seed  ear  of  the  sweet-corn  group  and  of  the  variety  known  as  Early  Evergreen. 


Fig.  2.— a  good  seed  oar  of  the  pop-corn  group  and  of  the  variety  known  as  White  Rice. 


Fig.  3.— a  good  seed  ear  of  the  flint-corn  group  and  of  tho  variety  known  as  Ninety-Day  Yellow  Flint. 
Flint  varieties  do  not  absorb  moisture  and  spoil  as  readily  as  dent  varieties. 


Fig.  4.— a  gUKJ  seed  ear  of  the  dent -com  group  and  of  the  variety  known  as  Woodbum  White  Dent. 
For  a  Held  view  of  this  com  see  figure  6. 

If  the  crop  is  sold  as  ( ommorcial  com,  50  or  75  cents  a  bushel  will 
bo  received,  but  by  selecting  at  the  proper  time  all  that  is  suitable 
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HOW   TO   GROW   AN   ACRE   OF   CORN.  7 

for  seed  and  giving  it  good  care  till  planting  time  $2  or  $3  a  bushel 
can  be  obtained. 

The  variety  that  has  generally  produced  the  most  good,  sound 
grain  in  the  neighborhood  is  the  variety  to  plant,  and  it  can  be 
greatly  improved  by  careful  seed  selection.  It  is  also  the  com  that 
will  be  most  in  demand  for  seed  throughout  the  neighborhood. 

If  com  throughout  the  county  generally  fails  to  ripen  properly,  take 
up  work  with  an  earlier  maturing  variety.     (Fig.  5.) 

If  the  com  generally  grows  too  tall  (fig.  6),  take  up  work  with  seed 
from  stalks  that  do  not  grow  too  tall. 


Fio.  5.— A  field  of  Gehu  Yellow  Flint  corn  near  Elsmarck,  N.  Bak.     A  successful  crop  necessitates  that 
the  variety  be  well  adapted  to  the  climatic  and  soil  conditions  under  which  it  is  [jown. 

If  the  most  productive  varieties  of  the  neighborhood  are  prolific 
varieties  (fig.  7),  take  up  work  with  the  one  that  seems  to  have  been 
giving  most  general  satisfaction. 

If  the  most  productive  varieties  of  the  neighborhood  are  1-eared 
varieties,  take  up  work  with  the  one  that  seems  to  have  been  giving 
most  general  satisfaction. 

WHEN  TO  TAKE  UP  COBN-IMPBOVEMElfT  WOBK. 

Just  as  soon  as  you  reach  a  determination  to  persevere  until  suc- 
cessful you  should  begin  corn-improvement  work. 
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8  HOW   TO  GROW   AN   ACRE  OF  CORN. 

Each  community  needs  an  experienced  and  conscientious  com 
breeder. 

By  starting  while  young  and  keeping  at  it,  boys  have  splendid  oppor- 
tunities to  produce  better  varieties  than  have  ever  been  produced. 

The  Office  of  Com  Investigations  of  the  United  States  Department 
of  Agriculture  wants  to  help  a  boy  in  each  county  who  has  produced 
the  best  com  crop  for  a  number  of  years  to  become  an  efficient,  con- 
scientious seed-corn  grower  for  his  county. 

Some  feature  or  other  of  the  work  needs  attention  at  all  seasons  of 
the  year. 

These  features  must  be  attended  to  at  the  proper  time,  as  success 
is  not  likely  to  be  won  by  spasmodic  attempts.     It  is  usually  won  by 


Fio.  6.— A  field  of  Woodbum  White  Dent  com  In  southern  Ohio,  photographed  in  1904,  since  which  time 
by  careful  selection  the  height  of  stalks  and  ears  has  been  advantageously  reduced  and  the  productivity 
increased.    Last  year  851  acres  averaged  83  bushels  of  dry  shelled  com  to  the  acre. 

perseverance,  wliich  causes  each  operation  to  be  accomplished  at  the 
proper  time  and  in  the  best  manner. 

At  planting  time  hopes  of  success  are  usually  brightest,  but  the 
exercise  of  ability  at  seed-selecting  time,  at  plowing  time,  and  at 
many  other  times  is  necessary. 

SELECTINO  SEED  FOB  THE  ACRE. 

Select  seed  ears  in  the  field  from  the  very  best  stalks  and  as  soon  as 
the  ears  are  ripe.     (See  ''Drying  and  caring  for  seed  corn/'  p.  19.) 
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HOW   TO   GROW   AN   ACRE   OF   CORN.  9 

Select  at  least  100  ears;  200  are  much  better,  and  it  is  still  better 
if  some  ears  of  the  same  variety  be  selected  from  a  neighboruig  field 
or  farm. 

The  acre  is  to  be  a  seed  patch,  and  the  improvement  of  a  variety 
of    com    should    not    begin   with    a   small 
number  of  eare,  as  close  breeding   is  likely 
to  gradually  reduce  productiveness. 

PREPABINO  THE  SEED  FOB  FLASTISQ. 

Such  work  as  sorting,  testing  germinating 
quaUties,  shelling,  etc.,  should  be  done  in 
the  early  spring  before  field  work  demands 
attention. 

The  best  time  to  grade  seed  corn  is  before 
shelUng. 

Only  heavy,  solid  ears  should  be  used  for 
seed,  and  the  ears  chosen  should  contain 
kernels  of  a  good  imiform  length,  width,  and 
thickness. 

Ears  containing  kernels  of  various  sizes  and 
shapes  should  bo  discarded. 

The  ears  can  be  numbered  by  sticking  a 
pin  through  a  piece  of  paper  into  the  end 
of  the  cob,  and  10  kernels  taken  from  each 
ear  can  then  be  tested  to  determine  whether 
they  will  grow.  If  weak  or  dead  kernels  are 
found,  the  ears  from  which  they  were  taken 
should  be  discarded.  See  Farmers'  Bulletins 
229  and  253. 

Before  shelling,  all  small  and  poorly  devel- 
oped kernels  should  be  removed  from  the 
ears,  for  they  will  produce  weak  and  barren 
stalks. 

If  the  seed  is  to  be  planted  by  means  of  a 
com  planter,  the  large,  irregular  kernels  from 
the  butts  of  the  ears  should  also  be  discarded 
before  the  ears  are  shelled. 

The  proper  way  to  shell  seed  corn  is  by  fig.7.— Astaikofcomofaproirc 

1  1        1     IT  ,  A'  '    1  variety.  Varieties  that  hear  two 

hand,   shellmg    one    ear    at   a  time   mto    a     „  more  ears  to  the  staik  are 
coarse-meshed  sieve.     This  enables  the  ker-     known  as  proiiac  varieties,   in 

,      .  -  T_  1        1  generalthesireof  eardcrrrascs 

nels    and    cob    from    each    ear    to     be    closely       asthenumberofearstothostalk 

inspected  and    all  kernels   to   be   easily   re-     ^"^«»ses. 
jected  if  any  defect   is  found.     The  sieve  facilitates  the  separation 
of  the  chaff  and  other  small  particles  from  the  seed. 
87515°— Bull.  537—13 2 
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10  HOW   TO   GROW  AN  ACRE   OF  CORN. 

SELECTING  AIT  ACBE  FOB  COBN. 

It  is  better  to  have  the  seed  acre  adjacent  to  or  a  part  of  a  larger 
field  of  the  same  variety  of  corn. 

An  isolated  acre  of  com  is  very  likely  to  meet  with  injury  from 
live  stock,  squirrels,  crows,  chinch  bugs,  or  grasshoppers  at  some 
time  during  the  season. 

The  soil  should  be  fertile  and  loose  to  a  great  depth.  A  good  com 
crop  can  not  be  produced  on  hard,  depleted  soil. 

A  highly  profitable  com  crop  depends  very  largely  upon  the  selec- 
tion of  a  fertile,  well-drained  location. 

The  acre  should  be  imiform,  so  that  all  parts  will  be  in  proper 
condition  for  cultivation  at  the  same  time. 

The  nature  of  the  season  can  not  be  foretold;  therefore  it  is  impos- 
sible to  predict  whether  high  land  or  low  land  will  produce  better, 
but  as  com  makes  a  tall,  thrifty  growth,  requiring  much  moisture, 
low  land  usually  being  better  supplied  with  moisture  and  fertility 
is  Ukely,  if  well  drained,  to  produce  better  than  high  land. 

Choose  land  that  xisually  produces  heavy  crops  and,  if  possible, 
land  that  lias  recently  produced  vigorous  crops  of  clover,  cowpeas, 
alfalfa,  vetch,  or  some  other  legume.  A  heavy  growth  of  large, 
vigorous  horseweeds,  cocklebur,  or  other  rank-growing  weeds  indi- 
cates a  good  com  soil. 

Alfalfa,  clover,  and  similar  plants  send  their  roots  to  great  depths 
and  are  the  best  crops  to  turn  under  for  the  purpose  of  growing  a 
very  large  corn  crop.  Their  culture  is  the  best  and  most  economical 
way  of  subsoiling  land.  The  deep-growing  roots  loosen  the  subsoil 
and  keep  it  porous  long  after  the  crop  is  turned  under.  Without 
sufficient  rainfall  imusually  poor  com  crops  are  obtained  on  alfalfa 
sod,  the  soil  moisture  having  been  exhausted  to  a  great  depth  by  the 
roots  of  the  alfaUa. 

Outer  rows  of  corn  are  usually  broken  down  in  cultivating  and  are 
usually  injured  more  by  chinch  bugs  or  grasshoppers  from  adjacent 
fields  or  by  hot  winds.  Therefore,  more  than  an  acre  should  be 
planted,  so  that  at  least  four  guard  rows  of  com  may  surround  the 
test  acre. 

FEBTILIZnrG   THE   ACBE. 

A  hberal  supply  of  soil  moisture  is  indispensable  to  a  good  com 
jdeld. 

Well-decomposed  manure  is  th«  surest  fertilizer  for  producing  a 
large  com  crop. 
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Failure  is  quite  sure  to  follow  an  attempt  to  grow  a  large  com  crop 
on  hard  or  depleted  soil  unless  its  hard  or  depleted  condition  is  over- 
come by  a  Uberal  application  of  manure. 

Barnyard  manure  that  is  well  decomposed  and  moist  can  safely  be 
applied  abundantly,  20  or  40  tons  to  the  acre. 

"Where  rainfall  is  deficient,  manure  containing  stalks  or  undecom- 
posed  straw  may  reduce  the  com  yield  by  admitting  too  much  air 
into  the  soil  and  faciUtating  the  escape  of  soil  moisture. 

Manure  and  decomposed  vegetable  matter  greatly  increase  the 
water-absorbing  and  water-holding  capacity  of  a  soil. 

Where  heavy  appUcations  are  made,  the  manure  should  be  well 
mixed  with  the  soil,  and  preferably  this  should  be  done  several 
months  previous  to  planting  the  com. 

Manure  should  be  apphed  before  its  soluble  parts  have  leached 
away  by  exposure  to  rain. 

It  is  unwise  to  attempt  to  grow  a  profitable  com  crop  on  hard, 
depleted  soil  by  a  heavy  appUcation  of  commercial  fertilizers  without 
improving  the  physical  condition  of  the  soil. 

If  local  tests  have  demonstrated  that  a  soil  responds  with  increased 
yields  to  tlie  application  of  a  particular  element,  that  element  should 
be  liberally  applied. 

Many  soils  contain  an  abundance  of  potassium,  but  some  soils, 
notably  some  peaty  soils,  are  so  deficient  in  this  element  that  they 
yield  very  unprofitable  com  crops  without  its  application  and  very 
profitable  com  crops  when  potassium  is  supplied. 

Some  heavy  clay  soils  and  sandy  soils  are  often  improved  by  an 
application  of  lime,  and  in  many  localities  ground  phosphate  rock 
can  be  profitably  used  in  growing  com.  The  lime  is  applied  to  best 
advantage  for  the  clover  or  alfalfa  crop.  The  ground  phosphate  rock 
is  best  applied  by  composting  it  with  manure. 

Large  com  crops  have  been  grown  by  heavy  applications  of  com- 
mercial fertilizers  containing  nitrogen,  phosphorus,  and  potassium, 
but  on  many  soils  the  application  of  all  these  elements  is  unnecessary, 
and  the  application  of  those  not  needed  increases  the  cost  of  produc- 
tion and  does  not  increase  the  yield.  Nitrogen,  the  most  expensive 
element  of  commercial  fertilizers,  is  taken  from  the  air  and  stored  in 
the  soil  by  the  growing  of  legumes. 

Commercial  fertilizers  should  be  applied  broadcast.  The  com 
roots  ramify  throughout  the  soil  and  utilize  fertilizers  so  applied  to 
better  advantage  than  when  they  are  applied  directly  in  the  row  or 
hiU. 
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12  HOW   TO   GROW  AN  ACRE   OF  CORN. 

If  300  pounds  or  more  per  acre  of  commercial  fertilizers  be  placed 
in  direct  contact  with  the  kernels,  they  are  liable  to  be  killed  or  so 
injured  that  the  yield  may  be  reduced. 

PEEPABATION  OF  THE  SEED  BED. 

Land  is  plowed  in  order  to  loosen  it  and  enable  water  to  enter  in 
greater  quaittity,  be  absorbed  to  greater  depth,  and  remain  longer  in 
the  soil. 

A  deep  seed  bed  well  supplied  with  soil  moisture  and  well  drained 
makes  a  big  corn  yield  possible  whether  the  summer  proves  "too 
dry"  or  ^Hoo  wet.'' 

If  not  well  plowed,  some  lands  are  so  impervious  that  during  several 
weeks  of  rainy  weather  they  remain  dry  below  a  depth  of  5  or  10  inches. 

In  many  localities  it  is  best  to  plow  in  the  fall  or  several  months 
before  planting,  in  order  to  enable  the  soil  to  store  a  sufficient  amount 
of  water  to  produce  a  com  crop.  In  some  localities  it  is  necessary  to 
grow  rye  or  some  other  crop  on  fall-plowed  land  to  prevent  erosion. 

Heavy  cover  crops  should  be  turned  under  in  the  fall,  winter,  or  very 
early  spring  in  order  to  give  time  for  decay  before  com  is  planted 
on  the  land. 

Land  should  never  be  plowed  when  too  wet  to  pulverize  finely. 
In  the  fall,  plowing  may  be  done  even  when  the  ground  is  too  dry,  as 
winter  rains  and  freezing  will  pulverize  the  clods. 

If  plowing  is  done  ia  the  spring  shortly  before  planting  time,  it 
is  necessary  that  the  soil  be  in  proper  condition  to  pulverize  readily* 
(Fig.  8.) 

Spring-plowed  land  should  be  harrowed  the  same  day  it  is  plowed. 

Disking  land  in  the  spring  before  plowing  is  a  great  advantage. 
It  retains  moisture  and  keeps  the  land  longer  in  a  good  plowing  con- 
dition. It  also  pulverizes  the  surface  portion  of  the  furrow  slice 
before  it  is  turned  under  out  of  reach  of  the  harrow. 

When  the  soil  is  loose  to  a  sufficient  depth,  corn  roots  penetrate 
in  abundance  to  a  depth  of  3  or  4  feet. 

The  growing  of  clover  and  deep-rooted  plants  is  profitably  prac- 
ticed with  most  soils,  and  subsoiling  is  profitably  practiced  with  some 
soils  to  increase  their  water-absorbing  capacity  and  to  enable  the 
com  roots  to  use  the  soil  to  greater  depths. 

By  gTDwing  deep-rooted  crops  or  by  some  other  means,  the  soil 
should  be  loosened  to  a  great  depth.  As  the  crop  on  an  acre  is  limited 
to  4.'^,560  square  feet  of  surface,  it  should  be  enabled  lo  use  the  acre 
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HOW   TO   GROW   AN   ACRE   OF   CORN.  13 

to  a  great  depth.  In  compact  soils  plowed  but  6  inches  deep  and 
cultivated  3  inches  deep  there  lemain  but  3  inches  of  loose,  plowed 
soil  in  which  the  com  roots  can  feed  unmolested  by  summer  cultiva- 
tion, but  if  plowed  10  inches  deep  and  similarly  cultivated  there 


Fig.  8.— a  field  having  soil  in  good  condition  for  plowing,  but  the  plowing  shown  is  not  deep  enough  for 

com. 

remains  more  than  twice  as  much  loose,  unmolested  soil  for  the  com 
roots. 

There  arc  good  disk  plows,  tliere  are  good  walking  moldboard  plows, 
and  there  are  good  sulky  moldboard  plows. 
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14  HOW  TO  GROW  AN  ACRE  OF  CORN. 

Poor  plowing  can  be  done  with  a  good  plow. 

Use  largo  plows  and  plenty  of  power. 

On  many  heavy  clay  soils  the  yield  of  com  per  acre  depends  largely 
upon  the  thoroughness  of  the  plowing. 

Loosen  ad  the  land  and  leave  no  large  air  spaces.  Do  not  **cut 
and  cover.'' 

A  pasture  field  was  plowed  in  alternate  strips  by  two  men,  one 
a  careful  plowman  and  the  other  a  poor  plowman.  The  poorly 
plowed  strips  showed  poorer  corn  all  through  the  summer  and  pro- 
duced 20  bushels  less  com  to  the  acre  than  the  well-plowed  strips. 
Tlie  careless  plowman  allowed  the  plow  to  **cut  and  cover"  in  places,' 
leaving  hard  spots  where  the  plow  did  not  loosen  the  land  and  large 
air  spaces  where  the  overturned  sod  buckled  and  did  not  come  in 
contact  with  the  subsoil.  Hills  of  com  growing  on  hard  spots  or  over 
large  air  spaces  usually  produce  poorly. 

Where  a  heavy  growth  of  clover  or  weeds  or  a  heavy  application  of 
manure  was  plowed  under  in  the  fall,  the  land  should  be  given,  just 
previous  to  planting,  a  cultivation  ae  deep  as  it  was  plowed.  This 
deep  cultivation  mixes  the  humus  tteoughout  the  soil  and  is  of  more 
value  than  any  other  cultivation  the  com  crop  can  be  given.  It  is 
economical,  because  wider  cultivators  and  more  horses  can  be  em- 
ployed than  is  possible  after  the  com  is  planted. 

PLAHTnra. 

There  are  many  questions  concerning  implements,  methods,  dis- 
tance between  rows,  thickness  of  planting,  etc.,  that  should  be  defi- 
nitely settled  before  planting  time.  These  questions  are  governed  to 
a  large  degree  by  local  conditions. 

A  distance  of  3.3  feet  between  com  rows  is  suggested  for  the 
majority  of  cases.  Some  2-row  planters  are  more  easily  adjusted  to 
3  feet  4  inches,  which  is  very  satisfactory. 

More  space  is  required  for  tall-growing  than  for  smaller  varieties. 

It  is  never  advisable  to  use  seed  that  germinates  poorly,  and  with 
first-class  seed  it  is  well  to  drop  twice  as  many  kernels  as  the  number 
of  stalks  desired. 

In  planting,  this  familiar  saying  should  be  followed:  "One  for  the 
blackbird,  one  for  the  crow,  one  for  the  cutworm,  and  three  for  to 
grow." 

On  poor  land  and  also  in  very  dry  sections  larger  grain  yields  can 
be  secured  with  a  thin  stand  of  stalks.  Under  such  conditions,  how- 
ever, some  other  crop  can  usually  be  grown  more  profitably  than 
com,  for  corn  requires  much  moisture  and  fertility. 

In  sections  where  the  annual  rainfall  is  less  than  25  inches  a  thin 
stand  of  stalks  is  preferable  unless  moisture  is  supplied  from  some 
other  source  than  rain. 
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Where  soil  moisture  is  likely  to  be  deficient  during  the  silkmg 
period,  a  stalk  for  each  20  inches  of  row  (the  rows  being  3.3  feet 
apart)  is  sufficient  and  will  make  possible  a  yield  of  113  bushels  per 
acre  if  the  stalks  average  a  pound  of  grain  each. 

With  an  abundance  of  fertility  and  rainfall  12,000  or  more  stalks 
to  the  acre  are  necessary  for  obtaining  record  yields. 

With  an  abundance  of  fertility  and  soil  moisture  throughout  the 
silking  period,  a  stalk  for  each  12  inches  of  row  is  advisable  and  will 
make  possible  a  yield  of  188  bushels  per  acre,  the  stalks  averaging  1 
pound  of  grain  each. 

Drilled  com,  if  kept  equally  well  cultivated  and  free  from  weeds, 
will  usually  produce  better  than  hill-planted  com.  The  stalks  develop 
better  and  yield  better  when  separated  from  each  other  by  several 
inches  than  when  crowded  closely  together  in  hills. 

If  the  acre  is  planted  in  hills  by  hand  the  kernels  should  be  sepa- 
rated in  each  hill  by  several  inches.  This  tends  to  increase  the  yield 
and  makes  it  easier  to  thin  without  loosening  or  injuring  the  remain- 
ing stalks. 

In  the  proper  kind  of  seed  bed  the  kernels  should  be  covered  1  inch 
deep.  They  should  come  in  contact  with  moist  soil.  They  can  not 
germinate  in  dry  soil  and  are  Uable  to  injury  before  rain  occurs. 

A  successful  planting,  a  satisfactory  stand  of  plants,  and  a  profitable 
yield  are  largely  assured  by  getting  the  seed  bed  in  a  perfect  condi- 
tion for  very  early  planting  and  then  waiting  to  plant  until  the  soil 
is  warm  and  moist. 

The  best  possible  yield  necessitates  the  proper  number  of  stalks 
evenly  distributed.  But  this  alone  is  not  sufficient.  Quality  of 
stalks  is  as  necessary  as  quantity  of  stalks.  The  proper  number  of 
stalks  can  be  obtained  by  heavy  planting  of  poor  seed,  but  stalks 
from  such  seed  wiU  not  produce  well.  The  quality  of  a  stalk  is  deter- 
mined by  the  seed  and  the  conditions  for  good  production  with  which 
it  is  provided. 

The  secret  of  a  prize-winning  com  crop  consists  in  having  the 
proper  stand  of  stalks,  each  one  of  which  yields  well.  This  can  be 
best  accomplished  by  the  heavy  planting  of  good  seed  and  thinning 
out  the  poorest  plants. 

Replanting  seldom  increases  the  grain  yield. 

Cultivating  up  the  first  planting  and  planting  the  entire  acre  the 
second  time  is  better  than  replanting  a  poor  stand. 

coxBATnra  ctjtworms. 

In  many  sections  it  is  seldom  possible  to  plant  com  at  the  proper 
season  without  having  a  large  percentage  of  the  young  plants  destroyed 
by  cutworms. 
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16  H©W   TO   GROW   AN   ACRE   OF   CORN. 

Fall  plowing  and  late  spring  planting  are  methods  successfully  used 
to  combat  cutworms. 

A  persevering  boy  can  prevent  his  acre  from  being  seriously 
injured  by  cutworms  by  placing  upon  each  com  hill,  immediately 
after  planting,  and  later  on  at  intervals,  lumps  of  poisoned  bait,  made 
by  mixing  about  50  pounds  of  wheat  bran  with  a  pound  of  Paris 
green  ^  and  enough  of  the  cheapest  grade  of  molasses  to  make  a  stiff 
dough.  Many  of  the  worms  eat  this  poisoned  bait  and  die  before 
the  com  comes  up,  but  this  method  of  treatment  has  also  proved  quite 
effective  even  after  the  plants  are  well  grown.  Com  meal  may  be 
substituted  for  the  wheat  bran  in  the  mixture  when  the  latter  is  not 

available.  

THINNIKG. 

For  highly  profitable  crops,  heavy  planting  and  thinning  are  advis- 
able, though  not  always  practicable  in  extensive  planting.  It  is  one 
means  a  boy  has  of  producing  a  record-breaking  acre  of  com. 

Thinning  should  be  performed  as  soon  as  the  stalks  are  too  hard 
for  cutworms  to  cut  off  and  before  they  are  a  foot  tall. 

A  flattened  broomstick  or  a  similar  stick  to  which  is  fastened  a 
flattened  piece  of  iron,  like  a  2-inch  chisel,  is  of  great  assistance  in 
thinning,  as  it  is  necessary  to  remove  the  stalks  below  the  surface  of 
the  ground  in  order  to  prevent  further  growth. 

Slightly  more  stalks  than  a  perfect  stand  should  be  retained,  so 
that  injured,  diseased,  or  feeble  stalks  can  be  removed  later  without 
reducing  the  stand  below  that  required  for  the  best  grain  yield. 
Such  stalfa  should  be  considered  at3  weeds  and  removed  as  soon  as 
their  inferiority  is  evident. 

CULTIVATION. 

To  produce  a  maximum  yield,  corn  rootis  require  warmth,  a  certain 
amount  of  air,  and  considerable  moisture. 

Com  is  cultivated  in  order  to  supply  these  requirements. 

Too  much  water  and  too  little  air  in  the  soil  as  surely  prevent 
healthy  growth  as  too  much  air  and  too  little  water. 

Air  is  deficient  in  saturated  soils,  and  on  such  soils  corn  plants 
become  yellow  and  unproductive. 

Good  cultivation  at  the  proper  time  admits  air,  lessens  the  ascent 
of  water  from  the  subsoil,  causes  the  soil  to  become  warmer,  and 
stimulates  a  better  growth. 

Weeds  should  be  killed  as  soon  as  they  begin  to  grow,  but  the 
primary  reason  for  cultivating  is  to  maintain  the  proper  proportion 
of  air  and  moisture  in  the  soil. 

Some  successful  com  growers,  some  who  have  averaged  100  bushels 
of  dry  shelled  corn  to  the  acre  on  hundreds  of  acres,  believe  the  beet 

1  Paris  green  is  a  poison  and  should  not  be  placed  where  chUdrcn  or  domestic  animals  can  get  it. 
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single  cultivation  they  can  give  their  com  is  a  cultivation  8  or  10 
inches  deep  given  just  before  planting. 

If  prolonged  and  heavy  rains  pack  the  soil  to  a  great  depth,  a 
deep  cultivation  can  sometimes  be  given  to  advantage  while  the  com 
is  less  than  a  foot  tall. 

Soon  after  the  plants  become  a  foot  tall  their  roots  reach  across 
the  spaces  between  rows  and  cultivation  should  not  be  deeper  than 
2  inches.    A  deeper  cultivation  is  likely  to  reduce  the  yield. 

A  shallow  cultivation  should  be  given  as  soon  after  every  heavy 
rain  as  the  land  becomes  in  good  workable  condition.  The  cultiva- 
tion should  be  given  with  such  implements  and  in  such  a  manner  as 
to  leave  the  soil  in  a  fine,  loose,  smooth  condition.     (Fig.  9.) 


Flo.  9.— A  com  cultivator.    The  kind  of  cultivator  and  Its  proper  equipment  with  sweeps  or  shovels  is 
governed  by  the  nature  of  the  soil  and  the  object  to  be  accomplished. 

It  is  never  safe  to  allow  the  soil  surface  to  become  hard  and  too 
dry  to  cultivate  to  the  best  advantage.  Continued  dry  weather  with 
the  soil  in  this  condition  is  certain  to  reduce  the  yield  materially, 
and  cultivating  such  soil  results  in  still  greater  injury. 

Until  the  silking  period  the  soil  surface  should  be  kept  in  a  fine, 
loose  condition,  so  that  in  walking  on  it  when  dry  it  is  felt  to  give 
imder  the  feet  and  distinct  footprints  are  made. 

Shallow  cultivations  given  even  as  late  as  silking  time  are  often 
as  valuable  as  earlier  cultivations. 

Weeds  growing  in  the  com  at  silking  time  reduce  yields  very  mate- 
ririly,  as  has  been  conclusively  proved  by  experiments  conducted  by 
the  Office  of  Com  Investigations. 
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18  HOW   TO   GROW   AN   ACRE   OF  CORN. 

Under  some  conditions  six  or  eight  cultivations  are  advisable, 
while  under  other  conditions  three  cultivations  may  be  sufficient  to 

keep  the  soil  in  proper  condition  and 
would  therefore  prove  more  profitable 
than  a  greater  number. 

SELECTING  SEED  FBOX  THE  ACRE. 

It  is  reasonable  to  assume  that  a 
variety  that  maker,  the  best  yields  in 
a  county  Ls  adapted  to  the  locality.  This 
is  especially  true  if  the  same  variety 
produces  best  for  several  years. 

Well-preserved  seed  of  such  varieti€« 
icy  greatly  needed  and  is  in  demand  in 
practically  all  corn-growing  counties. 

It  is  also  fair  to  assume  that  seed  from 
a  high-yielding  acre,  if  well  cared  for 
during  the  wdnter,  will  under  similar 
conditions  give  equally  good  yields  on 
many  other  acres  in  the  neighborhood, 
and  that  with  bettor  care  even  greater 
yields  may  be  obtained. 

All  good  seed  ears  should  be  gathered 
as  soon  as  ripe  and  before  any  freezing 
has  occurred. 

Go  through  the  acre  with  a  picking  bag 
on  the  shoulder  and  gather  the  earj  from 
the  best  stalks.  By  walking  between  two 
com  rowL}  the  good  high-yielding  plants 
in  the  two  rows  can  bo  readily  found. 

The  kind  of  plant  from  which  seed 
should  be  taken  is  one  that  produces 
much  better  without  any  apparent  reason 
than  plants  surrounding  it.  Plants  with 
an  unusual  amount  of  space  or  an 
uuunually  fertile  location  may  produce 
FIG.  lo.-oood  implants  from  which  better  than  surrounding  plants  without 
to  select  see  1.  Ears  early  pendent    ponsessinfi:  any  greater  inherent  producing 

do  not  take  water  and  spoil  as  badly     '  iii»  iitl  # 

as  erect  cars.  powcr    and    therefore   would    be    of   no 

special  value  a;  plants  from  which  to  select  seed. 

In  the  Central  and  Southern  States,  where  there  is  a  t€ftidency  for 
stalks  to  grow  too  tall,  short  thick  stalks  producing  pendent  ears  at 
or  below  their  middle  point  are  good  stalks.  (Fig.  10.)  From  local 
varieties  low-growmg  strains  can  be  bred  by  selecting  seed  each  year 
from  high-yielding  but  low-growing  stalks. 
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Where  exceedingly  early-maturiiig  varieties  are  necessary  (see  fig. 
5),  seed  should  be  taken  from  stalks  that  produced  their  ears  high 
enough  to  keep  the  ears  from  touching  the  ground 
when  they  become  pendent. 

Suckers  are  undesirable  and  can  be  gradually 
eliminated  by  taking  seed  only  from  stalks  that 
produce  no  suckers. 

In  prolific  varieties,  i.  e.,  varieties  bearing 
two  or  more  ears  per  stalk,  the  various  ears  of 
a  stalk  are  of  equal  value  for  seed. 

When  an  unusually  high-yielding  and  well- 
proportioned  plant  is  found  (fig.  11),  the  ear 
or  ears  should  be  cut  with  some  of  the  husk 
attached,  so  that  such  ears  can  later  be  dis- 
tinguished and  used  in  planting  the  seed  acre 
the  next  year. 

The  seed  acre  of  one  year  must  not  supply 
the  entire  quantity  of  seed  for  the  seed  acre  the 
next  year.  A  continuation  of  such  a  practice 
would  tend  to  reduce  the  productivity  of  the 
variety  because  of  close  breeding. 

To  avoid  close  breeding,  some  ears  from  un- 
usually good  plants  from  other  fields  of  the  same 
variety  should  be  planted  each  year  in  the  seed 
acre. 

DBTIKG  AlTD  CAEING  FOR  SEED  CORN. 

Immediately  after  gathering,  the  seed  ear3 
should  be  placed  to  dry  in  a  position  where 
they  will  not  touch  each  other  and  where  there 
is  a  good  circulation  of  air. 

Binder  twine  (fig.  12)  or  racks  made  from 
electrically  welded  wire  fencing  (see  Farmers' 
Bulletin  415)  are  satisfactory  means  of  sus- 
pending seed  ears  to  dry. 

In  many  Southern  States  it  is  not  desirable 
to  leave  the  ears  on  the  racks  all  winter,  as    ^'weiiVpro^rtStmptont 
they  are  likely  to  be  injured  by  the  grain  moth,      of  a  i-eared  variety. 

When  the  seed  becomes  as  dry  as  old  corn,  it  can  be  taken  from 
the  racks,  weighed,  and  stored  where  neither  moisture,  moths,  nor 
mice  can  injure  it. 

Upon  care  in  this  particular  depends  in  a  large  measure  the  success 
of  the  next  year's  crop.  Poor  care  has  reduced  and  will  reduce  the 
yielding  power  of  seed  by  18  bushels  per  acre  without  perceptibly 
injuring  its  germination. 
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An  upstairs  room  or  an  attic  usually  offers  good  protection  from 
moisture. 

A  pound  of  naphthalene  or  moth  balls  stored  with  each  bushel  of 
seed  ears  will  protect  it  from  grain  moths  and  do  it  no  injury. 

Boxes  or  crates  completely  covered  with  fly  screening  or  woven 
wire  will  give  protection  from  mice  and  rats. 

Perhaps  no  other  regrets  are  so  often  heard  at  boys'  corn-club 
meetings  as  those  regarding  the  destruction  of  their  seed  com  by 

mice  and  rats. 

If  seed  corn  be 
placed  where  it  is 
merely  supposed  that 
mice  or  rats  can  not 
injure  it,  the  owner  is 
likely  to  meet  disap- 
pointment. 

There  are  so  many 
unavoidable  things 
that  may  cause  poor 
yields  that  it  becomes 
necessary  to  insure 
success  in  every  way 
possible.  The  only 
way  to  insure  the  seed 
supply  is  to  place  it 
where  it  can  not  be 
injured  by  anything. 

DETEBMnnVG    THE 
TIELD. 

A  record  of  a  big 
yield  to  be  of  value 
must  be  honestly  and 
accurately  determined 

Fio.  12.-Boys  using  binder  twine  to  suspend  ears  of  com  to  dry.  according  tO  Standard 
By  this  means  two  boys  can  quickly  suspend  the  seed  ears  in  a  methods  of  measure- 
weU-ventilated  place. 

ment. 

It  is  easy  to  weigh  the  com  when  it  is  full  of  water  and  to  measure 
a  smaller  area  than  that  which  produced  the  crop,  but  to  do  so 
makes  the  weighing  and  measuring  a  mockery  and  the  record  of  no 
value. 

Green,  sappy  ears  may  weigh  twice  as  much  as  when  dry. 

A  plat  consisting  of  four  com  rows  4,400  feet  long  and  3.3  feet 
apart  occupies  1  acre  if  measured  from  one  outside  row  to  the  other, 
but  by  correct  measurement  it  occupies  1}  acres  of  land. 
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The  number  of  rows  must  be  multiplied  by  the  average  width 
between  rows  and  this  product  multiplied  by  the  full  length  of  the 
plat  to  obtain  the  true  area  from  which  the  com  received  benefit. 

To  make  the  records  of  value  and  have  them  comparable  from  year 
to  year  it  is  necessary  to  consider  the  moistiu'e  in  the  com  when 
harvested  and  weighed.  To  accomplish  this,  100  pounds  of  ears 
should  be  weighed  when  harvested,  put  in  an  airy  place  till  as  dry  as 
old  com,  and  then  weighed  again  and  sheUed.  The  weight  of  shelled 
com  is  the  percentage  of  dry  shelled  com,  and  multipljdng  the  total 
pounds  harvested  by  this  percentage  gives  the  yield  in  pounds  of 
dry  shelled  com. 

If  the  acre  was  harvested  directly  after  the  seed  was  selected,  the 
harvest  weights  of  all  can  be  reduced  to  poimds  of  dry  shelled  grain 
by  the  one  calculation.  But  if  the  seed  was  selected  while  in  a  sap- 
pier condition,  a  similar  process  is  necessary  to  determine  the  poimds 
of  dry  shelled  grain  taken  from  the  acre  for  seed. 

CONCLTJSION. 

The  praiseworthy  and  highly  beneficial  cooperative  corn-improve- 
ment work  in  progress  throughout  th^  United  States  is  making  it 
more  urgent  that  records  be  kept  and  that  they  be  kept  in  definite 
and  comparable  terms. 

Dry  shelled  com  per  acre  is  the  most  definite  and  generally  accepted 
way  of  recording  corn  yields.  Old  com,  or  corn  containing  approxi- 
mately 12  per  cent  of  moisture,  is  considered  dry  com.  Fifty-six 
pounds  of  shelled  com  constitute  a  bushel. 

True  records  will  point  the  way  to  further  improvement.  Knowl- 
edge of  the  requirements  of  the  com  plant  and  of  the  best  prac- 
ticable means  of  supplying  such  requirements  is  of  great  and  general 
value  to  the  people  of  the  United  States.  Our  weakest  defense  is 
our  vast  acreage  of  poor  com,  the  culture  of  which  is  impoverishing 
farms  and  farmers. 

The  possibility  of  doubling  the  acre  yield  of  com  has  been  dem- 
onstrated in  many  and  remote  sections  of  the  United  States.  A 
persistent  loyal  adherence  of  all  corn-improvement  workers  to  the 
motto  "Fewer  acres  and  more  com  to  the  acre "  is  certain  to  gradually 
raise  the  average  yield  of  county.  State,  and  Nation. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depabtment  op  Agriculture, 

Bureau  op  Plant  Industry, 

Oppice  of  the  Chiep, 
WasUngtoTiy  D.  C,  March  27, 191S. 
Sm:  Many  requests  are  received  at  the  Department  of  Agriculture 
for  information  on  the  methods  employed  in  growing  oranges  and 
other  citrus  fruits  in  Florida  and  the  other  Gulf  States,  and  it  is 
important  that  the  department  be  able  to  supply  the  desired  infor- 
mation as  fully  as  possible.  In  order  to  furnish  this  information  in 
concise  form,  Prof.  P.  H.  Rolfs,  Director  of  the  Agricultural  Experi- 
ment Station  of  Florida,  has  revised  Farmers'  Bulletin  238,  entitled 
"Citrus  Fruit  Growing  in  the  Gulf  States,^'  and  has  divided  the  mate- 
rial contained  in  that  publication  into  three  parts,  of  which  this  paper 
is  the  first,  as  follows:  (1)  ''Sites,  Soils,  and  Varieties  for  Citrus 
Groves  in  the  Gulf  States,''  (2)  ''Propagation  of  Citrus  Trees  in  the 
Gulf  States,"  and  (3)  "Culture,  Fertilization,  and  Frost  Protection 
of  Citrus  Groves  in  the  Gulf  States."  In  this  form  the  information 
will  be  more  available  for  distribution  in  the  territory  directly  con- 
cerned and  will  be  of  more  service,  it  is  believed,  to  prospective  fruit 
growers  and  to  planters  already  engaged  in  this  industry.  I  have  the 
honor  to  recommend  that  the  paper  be  published  as  a  Farmers' 
Bulletin. 

Respectfully,  William  A.  Tayloe, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture. 
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SITES,  SOILS,  AND  VARIETIES  FOR  CITRUS 
GROVES  IN  THE  GULF  STATES. 


IHTKODUCTIOH. 

The  following  pages  contain  brief  and  concise  directions  for  the 
choice  of  the  proper  sites,  soils,  and  varieties  for  citrus  orchards  in 
the  Gulf  States,  being  a  revision  of  one  part  of  the  material  formerly- 
published  in  Farmers'  Bulletin  238.  It  has  been  the  aim  of  the  writer 
to  furnish  information  to  meet  the  needs  of  many  inquirers  rather 
than  to  prepare  a  complete  treati9e  on  the  industry. 

The  growing  of  the  finest  citrus  fruits  is  a  horticultural  accomplish- 
ment not  surpassed  in  any  line  of  the  art.  There  are  very  few  agri- 
cultural occupations  that  require  an  equal  amount  of  judgment  and 
very  few  that  give  as  remunerative  a  return  for  the  mental  outlay. 
Everyone  who  is  willing  to  pay  the  price,  either  in  labor  or  in  dollars, 
can  grow  oranges  and  grapefruit,  but  only  he  who  is  so  constituted  as 
to  derive  pleasure  from  exercising  his  mental  faculties  to  their  fullest 
extent  can  produce  fruit  of  the  finest  quality.  There  is  a  very  long 
series  of  conditions,  from  the  choice  of  the  site  to  the  delivery  of  the 
package  of  perfect  fruit  to  the  consumer,  which  must  be  met  success- 
fully. If  any  link  in  the  chain  is  broken,  first  place  can  not  be 
attained.  Good  judgment  must  be  exercised  in  the  choice  of  the 
stock,  the  bud,  the  soil,  and  the  location  of  the  crop,  in  the  treatment 
of  fungous  and  insect  diseases,  in  picking  and  packing  the  fruit,  and 
in  selecting  a  market  for  its  disposal.^ 

CLIMATE. 

In  general  it  may  be  stated  that  in  all  regions  in  which  the  temper- 
ature does  not  fall  below  18°  above  zero  nor  rise  above  100®  F.,  under 
humid  conditions,  and  where  there  is  sufficient  moisture,  citrus  fruits 
may  be  produced.  However,  there  are  localities  within  these  limita- 
tions that  can  not  be  said  to  be  good  citrus-growing  sections.    In  some 

>  Tbese  sabjects  cui  not  aO  be  discussed  here,  however,  and  the  reader  is  therefore  referred  to  the  fol- 
lowfaig  Fanners'  Bulletins:  No.  639,  entitled,  "Propagation  of  citrus  trees  in  the  Gulf  States;" 
No.  642,  entitled,  "Culture,  fertilization,  and  frost  protection  of  dtnis  groves  in  the  Oulf  States;"  and 
No.  172,  entitled,  "Soato  hiseota  and  mites  on  oitrua  trees." 
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places,  although  the  trees  grow  luxuriantlyy  heavy  rainfalls  occur  at 
the  time  when  the  fruits  are  maturing,  making  it  impossible  to  gather 
and  market  them.  In  others  the  conditions  for  vegetative  growth  are 
so  favorable  that  very  little  fruit  sets.  Regions  that  are  excessively 
dry  may,  however,  be  utilized  for  citrus  culture  when  irrigation  can  be 
practiced.  The  more  nearly  the  northern  limit  of  the  citrus  belt  is 
approached,  the  more  sprightly  and  deliciously  flavored  the  fruit  be- 
comes, some  of  the  very  best  fruit  being  marketed  from  areas  where 
the  trees  are  every  winter  in  danger  of  being  frozen. 

The  ideal  humid  climate  for  citrus  growing  is  one  in  which  the  rain- 
fall occurs  after  the  fruit  has  been  shipped  and  before  the  new  crop 
begins  to  ripen.  The  rainfall  should  not  be  excessive,  certainly  not 
more  than  50  to  70  inches  annually,  and  the  winter  temperature  should 
not  go  below  26°  to  27°  F.  of  continued  cold,  though  a  lower  temper- 
ature may  be  withstood  for  an  hour  or  more  without  killing  the  trees. 
Orange  trees  in  a  thoroughly  dormant  condition  can  withstand  a  tem- 
perature as  low  as  24°  F.,  if  this  is  not  continued  for  more  than  a  few  ^ 
hours  at  a  time.  A  very  sharp  turn  to  18°  F.,  even  if  for  only  a  few , 
hours,  will  entirely  defoliate  trees  in  the  most  dormant  condition, 
while  it  is  likely  to  kill  the  larger  proportion  of  those  in  active  growUi. 
Small  trees  under  8  to  10  feet  high,  with  poorly  protected  trunks, 
are  very  liable  to  be  killed  to  the  ground  under  these  conditions. 
Sometimes  snow  falls  and  remains  on  the  trees  for  several  hours  with- 
out seriously  damaging  orange  trees,  but  this  is  of  rare  occurrence. 

son. 

It  will  be  shown  under  the  heading  '^Varieties"  that  citrus  trees  are 
exceedingly  variable,  and  consequently  will  readily  adapt  themselves 
to  almost  any  kind  of  soil  in  which  plants  can  grow.  Varieties  ol 
citrus  grow  upon  the  sticky,  adobe  soils  of  Mesopotamia,  upon  the 
alluvial  soils  of  the  lower  Mississippi,  upon  the  fertile  soils  of  the 
West  India  Islands,  upon  the  dry  soils  of  Ariz<Hia  and  California,  and 
upon  the  almost  sterile,  sandy  soils  of  Florida.  There  is  probably  no 
other  genus  of  fruit  trees  in  which  the  species  are  so  plastic  as  to  adapt 
themselves  to  almost  every  possible  gradation  <rf  soil.  It  should  not 
be  inferred,  however,  that  every  variety  of  the  genus  can  be  grown 
upon  all  of  these  different  kinds  of  soil,  for  it  is  absolutely  necessary 
to  choose  the  particular  variety  which  is  adapted  to  any  peculiar  soiL 

While  the  rich,  alluvial  soils  produce  citrus  trees  of  rank  growth 
which  often  bear  enormous  crops  of  fruit,  the  finest  and  highest 
priced  fruits  are  produced  upon  the  nearly  sterile  soils.  In  fertile 
soils  the  plant  food  is  seldom  properly  balanced  or  present  in  the 
condition  best  suited  for  producing  the  finest  fruits,  nor  is  it  possible 
to  influence  the  contente  or  quality  of  the  fruit  by  applying  different 
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forms  of  chemical  fertilizers.  If,  therefore,  a  field  is  normally  suffi- 
ciently fertile  to  produce  a  citrus  crop  for  an  indefinite  number  of 
years,  it  is  usually  impossible  to  influence  the  quality  of  fruit  markedly 
by  means  of  fertili2;prs.  Upon  soils  which  are  nearly  sterile,  however, 
trees  may  be  started  and  fed  with  just  such  chemicals  as  will  produce 
the  finest  quality  of  fruit.  It  therefore  happens  that  soils  which 
formerly  were  considered  absolutely  worthless  for  agricultural  pur- 
poses are  now  made  to  produce  large  crops  of  most  excellent  fruit. 

SITE  OF  THE  OBOVE. 

Immediately  upon  deciding  to  plant  a  grove  the  best  site  that  can 
be  procured  should  be  selected.  A  great  many  questions  arise  in 
determining  where  a  grove  shall  be  located.  A  few  of  these  are 
discussed  below. 

DISTANCE  PBOM  TSANSPOBTATION  LINES. 

Since  the  profit  accruing  from  a  grove  is  the  grower's  ultimate 
object,  it  becomes  necessary  to  study  the  possibility  of  getting  the 
fruit  into  the  market  cheaply.  Long  hauls  by  wagon  over  rough 
roads  should  be  avoided  wherever  possible.  Hauling  by  wagon  is 
expensive  and,  what  is  more  important,  it  consumes  much  time  at  a 
period  when  it  is  difficidt  to  employ  efficient  labor. 

The  distance  to  which  it  is  profitable  to  haul  fruit  will  vary  greatly. 
Hard-surfaced,  smooth  roads  are  found  in  nearly  every  progressive 
community.  In  some  localities  automobile  trucks  are  employed  for 
taking  fruit  from  the  grove  to  the  central  packing  house,  making  the 
transfer  charges  low.  The  fruit  is  also  less  likely  to  be  injured  in 
transit.  Under  such  circumstances  a  distance  of  10  miles  might  be 
regarded  as  the  maximum  at  which  to  start  a  grove.  Under  more 
adverse  conditions  one  should  not  attempt  to  put  out  a  grove  at  a 
greater  distance  from  transportation  facilities  than  5  miles. 

First-class  citrus  land  can  be  purchased  in  nearly  every  favor- 
able locality  in  Florida  at  prices  ranging  from  $20  to  $50  an  acre. 
When  located  adjacent  to  hard-surfaced  roads  the  price  will  vary 
from  $40  to  $100  or  more  an  acre.  Placing  the  average  crop  at  200 
boxes  per  acre  and  the  average  cost  of  transferring  the  fruit  from 
distant  groves  at  5  cents  a  box,  the  hauling  charges  would  constitute 
a  tax  of  $10  per  year  per  acre  against  such  property.  This  charge 
would  be  for  the  hauling  of  the  fruit  alone,  and  would  not  include 
the  handicap  in  securing  labor,  hauling  supplies,  and  fertilizers. 

CHARACTER  OF  THE  SOIL. 

The  variation  of  the  soils  in  the  West  Indies  and  in  Loxusiana  and 
Mississippi  is  not  so  sharply  marked  as  that  in  Florida.  Th^e  are, 
however,  characteristic  soils  in  each  of  these  r^ons  that  are  better 
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than  others.  In  all  sections  a  soil  must  be  chosen  that  is  not  under- 
lain with  a  heavy  substratum  known  as  hardpan.  The  land  should 
be  elevated  sufficiently  to  permit  free  drainage  and  in  the  sections 
where  irrigation  must  be  practiced  should  be  so  located  that  water 
can  be  easily  supplied. 

In  Florida  the  soil  usually  known  as  hammock  land  is  preferable 
for  orange  growing.  This,  however,  is  of  limited  extent  and  fre- 
quently is  so  far  removed  from  transportation  lines  that  it  is  not 
profitable  to  use  it.  The  second  grade  is  called  piny  woods  land. 
Groves  properly  located  on  this  type  of  soil  and  managed  by  intelli- 
gent superintendents  frequently  give  the  best  retmns.  It  is  upon 
this  land  that  most  of  the  orange  groves  are  located.  The  cabbage 
palmetto  hammock,  if  sufficiently  high  to  permit  natural  drainage, 
also  makes  excellent  land  for  citrus  growing. 

DBAINAGE. 

In  Florida  the  question  of  drainage  is  of  paramount  importance. 
There  is  scarcely  a  lai^e  citrus  grove  in  the  State  in  which  some  sec- 
tion is  not  injiured  from  time  to  time  for  the  want  of  thorough  and 
deep  drainage.  While  the  total  annual  rainfall  is  likely  to  vary 
within  rather  narrow  limits,  its  distribution  throughout  the  year  will 
probably  be  exceedingly  variable.  The  drainage  system  should  be 
so  constructed  as  to  provide  for  periods  of  excessive  rainfall  rather 
than  for  the  average  of  what  might  be  expected.  In  choosing  the 
site  of  a  grove,  one  should  ascertain  that  it  is  possible  to  dispose  of 
the  surplus  water  promptly.  Groves  have  been  situated  near  a  lake 
or  other  body  of  water  or  on  some  site  where  it  was  impossible  to 
dispose  of  the  surplus  water  during  a  rainy  period,  and  irreparable 
damage  has  resulted,  although  at  the  time  of  the  excessive  rainfall  no 
injury  was  apparent.  As  a  general  rule,  the  water  table  for  Florida 
should  not  rise  higher  than  within  18  inches  of  the  surface  of  the 
soil.  Other  conditions  being  the  same,  the  groves  in  which  it  is  10 
feet  or  more  to  the  water  table  suffer  less  during  a  severe  drought 
than  those  where  the  water  table  rises  almost  to  the  surface.  A 
fluctuating  water  table  is  more  objectionable  than  a  constant  one, 
however,  even  when  the  latter  occiu^  high  in  the  soD. 

Water  standing  in  a  grove  for  a  few  days  is  almost  certain  to  prove 
fatal,  while  water  flowing  through  the  grove  for  the  same  length  of 
time  will  only  injure  it.  It  takes  years  to  grow  a  good  grove,  which 
may  be  destroyed  or  ruined  in  a  week. 

The  important  points  in  drainage,  then,  are  to  be  certain  (1)  that 
there  is  no  possibility  of  ever  having  standing  water  in  the  grove, 
and  (2)  that  the  water  table  is  as  deep  as  possible  in  the  soil;  the 
farther  down  the  better. 
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NATUBAL  FBOST  FEOTECTION. 

After  determioiog  that  the  desirable  fearturas  specified  are  to  be 
found  in  the  location  under  consideration,  it  is  very  important  to  see 
that  the  land  is  well  protected  from  the  occasional  frosts  which  visit 
the  citrus-bowing  sections.^  Frost  protection  is  imparted  by  large 
bodies  of  water,  such  as  make  possible  <atrus  growing  in  Louisiana,  in 
Missisdppi,  and  in  Florida  near  the  lakes  in  the  central  part  of  the 
State,  along  the  Indian  River  on  the  east  coast,  and  on  Tampa  Bay. 
In  the  West  Indies  and  the  southernmost  part  of  Florida  this  factor 
does  not  enter  into  consideration.  In  fact,  it  seems  that  those  phi^^es 
in  the  West  Indies  whidi  are  subjected  to  the  lowest  winter  tempered 
ture  produce  citrus  fruits  of  the  highest  excellence.  The  temperature 
in  the  vicinity  of  Mandeville^  Jamaica,  is  said  to  go  as  low  as  into  the 
fifties  during  winter  n^hts,  and  yet  this  is  probably  the  best  citrus 
fruit  section  on  the  island. 

PBOTBCTION  PBOM  HIGH  WINDS. 

A  location  chosen  so  as  to  combine  all  the  qualifications  already 
mentioned  may  still  be  undesirable  if  it  is  exposed  to  the  force  of  high 
winds,  which  may  occur  in  any  portion  of  the  country.  It  is  quite 
impossible  to  protect  a  grove  against  tropical  hurricanes,  but  the  more 
common  big^  winds  of  frequent  occurrence  must  be  considered.  They 
carry  off  the  moisture  and  bring  with  them  a  dry,  parching  air  which 
is  injurious  to  citrus  trees,  and  they  are  also  very  likely  to  cause 
''thoming"  or  to  mutilate  the  fruit  in  other  ways.  Sometimes  it 
becomes  necessary  to  erect  artificial  windbreaks  for  protecting  a 
grove  not  well  located.  These  artificial  windbreaks  may  later  be 
supplanted  by  some  natural  growth  that  can  withstand  the  force  ot 
the  wind. 

BAINFALL. 

The  amount  of  rainfall  needed  to  produce  a  crop  of  citrus  fruits 
depends  on  various  factors;  prominent  among  them  are  character  of 
soil  and  humidity  of  atmosphere.  Where  there  is  a  deficiency  of  mois- 
ture it  may  be  supplied  by  irrigation,  but  a  superabundance  of  mois- 
ture can  be  controlled  only  in  a  measure  by  drdnage.  In  the  humid 
portions  of  the  United  States  and  in  the  rainy  sections  of  the  West 
Indies  heavy  rainfalls  frequently  occur  at  the  time  when  the  fruit 
should  be  marketed  or  when  the  trees  should  be  dormant  preparatory 
to  blooming.  As  these  conditions  can  not  be  corrected,  citrus  orchards 
should  not  be  planted  in  regions  where  excessive  fall  or  winter  rains 
are  prevalent.  This  is  especially  true  of  the  rainy  side  of  most 
islands  in  the  West  Indies  group. 

1  For  a  discussion  of  artificial  frost  protection,  see  Farmer's  Bulletin  542,  entitled  "Culture,  fertilization, 
and  frost  protection  of  citrus  groves  in  the  Oulf  States.'' 
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VABIETIES. 

The  group  of  plants  which  is  designated  by  the  generic  term  "cit- 
rus" is  fairly  well  circumscribed,  but  when  it  comes  to  a  segregation  of 
the  diflFerent  species  and  varieties  scientists  do  not  all  agree.  While  it 
may  be  of  interest  to  the  scientific  plant  breeder  to  know  just  what 
the  classification  is,  to  the  practical  grower  of  fruits  who  wishes  to 
get  a  lai^e  return  for  his  labor  it  makes  very  little  diflFerence  whether 
the  product  belongs  to  one  variety  or  another.  The  results  of  the 
various  attempts  to  classify  the  plants  which  fall  under  the  general 
term  "citrus"  vary  exceedingly,  and  diflFering  opinions  regarding 
their  scientific  relations  are  held  by  scientific  investigators.  There 
are  therefore  a  number  of  different  classifications.  In  Table  I  the 
writer  has  adopted  the  classification  worked  out  by  Dr.  Herbert  J. 
Webber  in  the  Cyclopedia  of  American  Horticulture. 

Table  I. — Botanical  and  horticuUural  classes  of  the  genus  Citrus. 


Botanical  species. 


Botanical  yarieties. 


Horticaltural  races. 


Horticultoial  varietiea. 


I.  TrifoUata.. 


n.  AurmUium,. 


amara.... 
bergamia. 


irintnslt. 


The  common  oranges.. 


m.  mMOa.. 


The  mandarin  group. 


IV.  Deenmana, 


V.  Japonka.. 


VL  Medka,. 


ffenuhta. 


Pomelo  (grapefirolt). 

Shaddock 

Kumquats 

Citron. 


lemon. 


Lemon.. 


acida. 


Lime.. 


Trifoiiatas. 
(Sour. 

{Bittersweet. 
ISeville. 

Bergamot  orange. 

Valencia. 

Homosassa. 

Phieapple. 

XAlso  other  varieties.) 

Satsuma. 

China  (mandarin). 

Dancy  (tangerine). 

Oneoo. 

King. 

Royal. 

Pemambuoo. 

Triumph. 

(Also  other  varieties.) 

Paradise. 

Forbidden  Fruit. 

(Also  other  varieties.) 

Nagami. 

Marumi. 

(Also  other  varieties.) 

Gorsican. 

Lyman. 

Orange. 

(Also  other  varieties.) 

Lisbon. 

Villa  Fiaaoa. 

Sicily. 

Eureka. 

(Also  other  varieties.) 

ImperiaL 

Mexican. 

Persian. 

(Also  other  varieties.) 


Experience  has  taught  that  no  variety  of  citrus  is  preeminently 
useful  for  all  portions  of  the  world  where  this  fruit  is  grown.  As  an 
illustration  we  have  the  Bahia,  or  Washington  Navel  orange,  which 
is  preeminently  adapted  for  California,  but  is  of  little  value  in  Florida 
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or  the  West  Indies,  where  it  produces  only  a  small  crop.  Certain  va- 
rieties of  pomelo  have  an  exquisite  flavor  when  fruited  in  Florida^ 
but  are  not  of  the  same  excellence  when  grown  in  California.  The 
Pineapple  orange  and  the  Indian  River  orange  are  among  the  finest 
of  fruits  when  grown  in  the  sections  where  they  origmated,  but  when 
produced  in  Jamaica  they  can  not  be  said  to  have  superior  qualities. 

It  becomes  necessary,  therefore,  to  test  the  particular  variety  in 
the  section  into  which  it  is  to  be  introduced.  Some  varieties  are 
excellent  in  places  far  removed  from  one  another,  as  is  illustrated 
by  the  Satsuma,  or  Oonshiu,  an  introduction  from  Japan,  and  the 
Bahia  orange,  which  was  brought  from  Brazil  by  the  United  States 
Department  of  Agriculture  and  is  now  so  extensively  grown  in  Cali- 
fornia. The  last-named  variety  produces  fruit  of  excellent  quality 
when  grown  in  Florida,  but,  as  stated,  is  not  prolific.  Frequently  the 
most  important  varieties  of  citrus  for  any  given  locality  are  those 
which  have  originated  as  seedlings  in  that  section,  or  have  arisen  as 
bud  varieties.  An  illustration  of  a  variety  arising  as  a  bud  variation 
is  the  Surprise  navel,  originating  in  Mr.  E.  S.  Hubbard's  grove  at  Fed- 
eral Point,  Fla.,  from  buds  received  from  California.  Seedlings,  as  a 
rule,  ** sport''  or  are  exceedingly  variable;  they,  however,  come  true 
to  seed  within  certain  limitations.  So  far  as  known,  a  pomelo  can  not 
originate  from  an  orange  seed,  except  where  an  orange  flower  is  polli- 
nated from  a  pomelo,  and  it  is  then  not  a  true  pomelo.  Seedlings  from 
the  mandarin  group  reproduce  a  typical  mandarin  fruit.  Seedlings 
from  the  sweet  orange  produce  a  typical  sweet  orange.  Seedlings 
from  pomelos  produce  pomelos  of  varying  qualities. 

The  total  number  of  varieties  of  citrus  fruits  that  have  been  cata- 
logued and  described  would  run  up  into  the  thousands.  Nearly  every 
one  has  some  peculiar  merit  for  a  particular  locality.  Out  of  the 
many  thousands  a  few  selected  ones  are  of  general  value,  and  can  be 
planted  with  safety  over  a  considerable  area.  The  following  very 
brief  list  gives  some  of  the  varieties  for  the  localities  mentioned: 

Florida. — ^The  Florida  State  Horticultural  Society  has  divided  the 
State  into  four  horticultural  sections,  known  as  western  north  Florida, 
eastern  north  Florida,  central  Florida,  and  south  Florida. 

Western  north  Florida  includes  that  portion  of  the  State  lying  west 
of  the  Aucilla  River. 

The  main  reUance  in  the  citrus  crop  for  that  region  should  be  in 
the  Satsuma  orange.  Under  special  conditions  this  variety  produces 
a  most  palatable  and  otherwise  excellent  fruit.  Near  the  Gulf  of 
Mexico,  in  frost-protected  places,  sweet  seedlings,  the  Pineapple, 
Parson  Brown,  and  other  early-ripening  varieties  are  planted  in 
small  orchards  and  are  doing  well. 
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Eastern  norfh  Florida  includes  ''that  part  of  the  State  between  tlia 
Ancilla  River  and  a  straight  line  drawn  across  the  State  from  the 
mouth  of  the  St.  Johns  River  to  Cedar  Keys." 

The  following  citrus  fruits  are  considered  especially  adapted  for  this 
region:  Of  the  sweet-orange  group,  the  Pineapple,  Parson  Brown,  and 
Sweet  Seville;  of  the  tangerine  group,  the  Satsuma;  of  the  kumquat 
group,  the  Marumi  and  Nagami. 

Central  Florida  includes  ''that  part  of  the  State  between  the  line 
above  referred  to  and  the  counties  constituting  south  Florida." 

Of  the  sweet-orange  group  well  adapted  to  this  section  may  be 
mentioned  the  Pineapple,  Centennial,  Tardiff,  Homosassa,  Jaffa, 
Majorca,  and  Parson  Brown;  of  the  mandarin  group,  the  Satsuma, 
China,  Dancy,  and  King;  of  the  pomelo  group,  the  Standard,  Duncan, 
Excelsior,  Hall,  Marsh,  and  Royal. 

Shaddocks  and  citrons  are  not  grown  as  commercial  fruits,  and 
Nagami  is  the  leading  variety  of  kumquat  for  this  section. 

South  Florida  includes  the  following  coimties:  Brevard,  St.  Lucie, 
Pahn  Beach,  Lee,  Dade,  Monroe,  De  Soto,  and  Manatee. 

The  sweet  oranges  recommended  for  this  section  are  the  Hart, 
Valencia  Late,  Homosassa,  and  Majorca;  of  the  mandarin  group,  the 
China,  Dancy,  and  King;  of  the  pomelo  group,  the  Standard,  Duncan, 
Excelsior,  Hall,  Marsh,  and  Pemambuco. 

Shaddocks  are  not  grown  commercially  and  are  found  only  as 
ornamentals  or  novelties.  In  the  kumquat  group  the  leading  variety 
is  the  Nagami.  Citrons  are  grown  only  as  occasional  specimens,  and 
lemons  are  not  grown  extensively  in  Florida. 

On  the  keys  and  the  adjacent  coast  considerable  quantities  of  limes 
grow  without  cultivation  and  are  apparently  naturalized.  The  United 
States  Department  of  Agriculture  has  distributed  various  importa- 
tions of  limes  in  south  Florida,  and  nearly  all  of  these  varieties  do 
very  well.  The  peculiar  demands  of  the  market,  however,  are  such 
as  to  make  extensive  lime  growing  unprofitable.  Nevertheless,  very 
high  prices  are  paid  for  the  limes  which  are  gathered  from  trees 
occurring  spontaneously  on  the  coast  and  keys.  This  lime  is  gen- 
erally spoken  of  as  the  Key  lime.  It  is  a  very  small  fruit  and  intensely 
acid  and  usually  contains  many  seeds.  This  same  lime  when  taken 
to  the  mainland  and  put  imder  cultivation  produces  a  large  fruit 
with  very  thick,  rough  skin,  approaching  the  lemon  in  size  and  appear- 
ance.   Limes  of  this  size  do  not  meet  with  ready  sale. 

Louisiana  and  Mississippi. — The  citrus-growing  section  of  Louisiana 
and  Mississippi  closely  borders  the  Gulf.  Li  Mississippi  it  is  near 
Biloxi,  and  in  Louisiana  it  is  south  of  New  Orleans. 

In  these  sections  the  common  sweet  orange  grown  is  known  as  the 
Creole.    This,  strictly  speaking,  is  not  a  variety,  but  an  assemblage 
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of  seedling  oranges  that  have  been  cultivated  in  this  region  for  some 
time.  Of  the  mandarin  group  the  Satsuma  and  China  are  the  leading 
varieties.  Of  the  pomelo  group  only  a  few  are  grown,  these  being 
the  earliest  varieties,  such  as  the  Standard,  Royal,  and  Triumph. 

Texas. — Considerable  activity  in  planting  citrus  fruits  in  the  Gulf 
region  of  Texas  has  occurred  in  recent  years.  The  main  reliance  has 
been  placed  in  the  Satsuma  on  Citrus  trifoliata  stock. 

Porto  Kico  and  the  West  Indies  generally. — Citrus  growing  through- 
out the  West  Indies  is  in  a  rather  formative  state.  The  efforts  at 
systematic  work  in  this  line  have  not  been  carried  forward  with  the 
same  degree  of  vigor  as  in  California  and  Florida.  Nearly  all  the 
varieties  recommended  for  south  Florida  may  be  planted  with  more 
or  less  confidence  in  this  region.  After  years  of  experimenting 
local  varieties  will  doubtless  develop  which  will  prove  better  than 
many  of  those  now  cultivated  on  these  islands. 

538 

O 


Digitized  by 


Google 


Digitized  by 


Google 


f)  /  f ;  -'  -  y 


Issued  June  21, 1918. 

U.  S.  DEPARTMENT  OF  AGRICULTURE. 


FARMERS'  BULLETIN  539. 


PROPAGATION  OF  CITRUS  TREES 
IN  THE  GULF  STATES. 


BY 


F^.   H.   ROLRS, 

Director  of  the  Agricultural  Experiment  Station 
of  Florida, 


WASHINGTON: 

GOVERNMENT  PRINTING  OFFICE. 

1913. 


Digitized  by 


Google 


LETTER  OF  TRA:N  SMITT AL. 


U.    S.    DBPARTMENT  op   AORICULTrRB, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
WashUngton,  D.  C,  March  n,  IBIS. 
Sir:  Many  requests  are  received  at  the  United  States  Department  of  Agriculture  for 
information  on  the  methods  employed  in  growing  oranges  and  other  citrus  fruits  in 
Florida  and  the  other  Gulf  States,  and  it  is  Important  that  the  Department  be  able  to  sun- 
ply  the  desired  information  as  fully  as  possible.  In  order  to  furnish  this  information  in 
concise  form,  Prof.  P.  H.  Rolfs,  Director  of  the  Agricultural  Experiment  Station  of 
Florida,  has  revised  Farmers'  Bulletin  238,  entitled  "  Citrus  Fruit  Growing  in  the  Gulf 
States,"  and  has  divided  the  material  contained  in  that  publication  into  three  parts,  of 
which  this  paper  is  the  second,  as  follows:  (1)  "Sites,  Soils,  and  Varieties  for  Citrus 
Fruit  Growing  in  the  Gulf  States";  (2)  "Propagation  of  Citrus  Trees  In  the  Gulf 
States";  and  (3)  "Culture,  Fertilization,  and  Frost  Protection  of  Citrus  Groves  in  the 
Gulf  States."  In  this  form  the  Information  will  be  more  available  for  distribution  In 
the  territory  directly  concerned  and  will  be  of  more  service,  it  Is  believed,  to  prospective 
citrus-fruit  growers  and  to  planters  already  engaged  In  this  Industry.  I  have  the  honor 
to  recommend  that  the  paper  be  published  as  a  Farmers'  Bulletin. 
Respectfully, 

Wm.  a.  Taylor. 

Chief  of  Bureau. 
Hon.  D.  F.  Houston. 

Secretary  of  Agriculture. 
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PROPAGATION  OF  CITRUS  TREES  IN  THE 
GULF  STATES. 


INTEODirCTION. 

This  bulktin  is  published  to  fulfill  an  urgent  request  from  grow- 
ers in  the  Gulf  States  for  a  brief  description  of  the  methods  of 
propagating  citrus  trees  and  of  the  most  important  nursery  prac- 
tices. It  includes  also  a  discussion  of  the  choice  of  suitable  stocks 
for  different  regions.  Because  of  the  limited  size  of  the  publication 
and  in  order  to  make  it  applicable  to  Florida  and  the  other  Gulf 
States  the  questions  have  necessarily  been  treated  in  a  very  general 
manner.^ 

THE  NTTfiSEBY. 

The  nursery  is  the  starting  point  of  the  citrus  grove.  It  is  there- 
fore one  of  the  factors  of  greatest  importance.  No  matter  how  well 
the  climate  may  be  suited  to  the  growing  of  fruit  or  how  well  the 
grove  may  be  cared  for  after  it  is  planted,  if  improper  selections 
have  been  made  in  the  matter  of  stock  or  of  buds,  disappointment  is 
just  as  certain  as  if  improper  selection  had  been  made  of  the  locality 
in  which  to  grow  the  fruit. 

SXTITABLE  STOCKS  FOB  DIF7EBENT  SECTIONS. 

Each  of  the  principal  citrus-growing  regions  of  the  United  States 
has  a  stock  which  is  best  adapted  to  its  own  peculiar  conditions. 
Even  in  the  larger  citrus-growing  regions  the  variations  of  soil  are 
such  as  to  demand  different  kinds  of  stocks  or  buds. 

Louisiana  and  Mississippi. — In  Louisiana  and  Mississippi  the  soil  is 
a  heavy  clay,  very  fertile,  and  usually  quite  moist.  Citrus  tHfoliata^ 
or  trifoliata^  as  it  is  commonly  called^  is  preeminently  the  stock  for 
use  in  this  section.  Here  it  not  only  is  a  vigorous  grower  but  also 
imparts  more  or  less  of  hardiness  to  the  scion  by  becoming  dormant 
in  the  autumn,  since  the  trifoliata  is  a  deciduous  species  (fig.  1). 

1  For  diBcussions  of  other  phases  of  this  Industry,  see  Farmers'  Bulletins  538,  entitled 
**  Sites,  Soils,  and  Varieties  for  Citrus  Groves  In  the  Gulf  States  "  ;  542,  entitled  "  Cul- 
ture. Fertilization,  and  Frost  Protection  of  Citrus  Groves  in  the  Gulf  States " ;  and 
172,  entitled  *'  Scale  Insects  and  Mites  on  Citrus  Trees."  A  Farmers'  Bulletin  on  the 
harvesting  and  marketing  of  citrus  fruits  is  in  preparation. 
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Eastern  north  Florida. — In  the  eastern  part  of  north  Florida  the 
trifoliata  is  also  the  best  stock  to  use,  for  the  reason  given  in  the  pre- 
ceding paragraph.  Much  of  this  region  is  also  a  rather  heavy,  sandy 
soil  inclined  to  become  clayey.  In  the  deep,  sandy  portion  of  this 
section  some  of  the  more  rampant-growing  stocks  do  equally  as  well 
as  or  possibly  better  than  the  trifoliata^  but  they  do  not  produce  quite 
so  hardy  a  tree. 

Central  Florida. — Throughout  central  Florida  the  soil  is  inclined  to 
be  sandy,  but  usually  contains  a  considerable  quantity  of  decaying 
vegetable  matter.  On  this  soil  the  pomelo  stock  does  best,  although 
it  does  not  make  quite  so  hardy  a  tree  as  the  sour-orange  stock. 


Fio.  1. — Citrus  nursery  at  Naomi,  Lia. :  Trifoliata  stock  and  mandarins  to  right;  pomelos 
to  left.     Buds  of  one  summer's  growth. 

South  Florida. — The  rough  lemon  is  preeminently  the  stock  adapted 
for  use  in  south  Florida.  It  is  a  rampant  grower,  able  to  live  on  soils 
that  are  almost  sterile  for  the  other  stocks  mentioned,  but  is  inclined 
to  produce  a  little  more  coarse  fruit  than  the  other  stocks.  In  the 
heavy  soil  of  this  section,  especially  that  which  is  free  from  lime- 
stone, the  pomelo  and  sour  orange  may  be  used  to  good  advantage. 
These  trees  are  somewhat  slower  in  growth,  but  produce  a  more 
smooth  and  velvety  fruit  and  ripen  more  evenly.  The  lime  seedlings 
have  also  been  used  for  stocks  in  this  section.  This  makes  a  tree 
rather  sensitive  to  cold,  and  the  earliest  crops  of  the  fruit  are  inclined 
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to  be  somewhat  rough  and  thick  skinned.  The  greatest  drawbaxjk, 
however,  from  the  nurseryman's  point  of  view,  is  that  the  ordinary 
operation  that  would  make  90  per  cent  of  the  buds  live  in  rough- 
lemon  stock  would  probably  not  give  more  than  50  per  cent  in  the 
lime  stock.    It  is  therefore  used  very  little. 

SELECTINa  SEEDS. 

In  selecting  seeds  from  which  to  grow  nursery  stock,  one  should 
choose  well-matured  specimens.  It  is  a  matter  of  indifference  as  to 
the  perfection  or  imperfection  of  the  fruit  from  which  the  seed  is 
taken,  but  the  seed  should  be  plump  and  well  filled  and  the  fruits 
taken  from  the  most  vigorous  trees.  This  is  true  for  all  the  varieties 
that  are  to  be  used  as  stock.  One  is  frequently  able  to  secure  a  lot 
of  pomelo  drops  and  culls  and  from  these  secure  large  numbers  of 
fine  seeds. 

There  are  various  methods  of  obtaining  feeeds  from  the  fruit. 
Where  fruit  has  been  damaged  and  thrown  out  to  rot,  the  seed  may 
be  washed  out  from  the  rotting  mass  and  the  superfluous  water  dried 
off.  The  seed  may  be  separated  fairly  easily  by  using  an  ordinary 
sieve  with  large  openings  and  forcing  the  water  on  the  seed  by  the 
use  of  a  force  pump  or  from  a  tank. 

After  gathering  these  fruits  they  are  cut  into  sections  with  a  dull 
knife  and  most  of  the  seeds  pressed  out,  and  the  cut  sections  are 
thrown  into  a  barrel  and  covered  with  water.  In  a  short  time  this 
mass  will  be  sufficiently  disintegrated  to  allow  easy  separation  of  the 
remainder  of  the  seed.  Care  must  be  taken,  of  course,  not  to  let  the 
material  remain  in  the  water  long  enough  to  injure  the  seed.  If  the 
barrel  is  placed  in  a  warm  location,  in  two  or  three  days  the  seeds 
will  slip  out  easily,  and  they  can  then  be  separated  from  the  pulp  by 
washing. 

The  seeds  that  are  squeezed  out  by  hand  need  no  special  washing. 
They  should  be  placed  in  the  open  in  a  shed  to  allow  the  superfluous 
moisture  to  dry  off  and  then  are  ready  for  preservation.  Bonavia 
says  that  in  India  the  seeds  "  are  well  dried  in  the  sun  for  two  or 
three  days." 

KEEPnra  seeds. 

In  the  northern  sections  of  the  citrus-growing  regions  the  seed 
must  be  kept  for  a  considerable  time  before  the  ground  is  sufficiently 
warm  to  receive  it.  After  the  superfluous  moisture  has  dried  from 
the  seeds,  which  will  occur  in  the  course  of  from  one  to  three  days, 
they  may  then  be  preserved  in  dry  sand.  Where  sand  is  not  readily 
obtained,  a  fairly  dry  clay,  such  as  will  break  up  readily  but  which 
is  not  moist  enough  to  pack,  will  be  found  useful.    In  this  kind  of 
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material  the  seeds  of  trifoliata  have  been  shipped  from  Japan  to 
Florida  and  have  retained  their  germinating  qualities  perfectly. 

PREPARATION  OP  THE  SEED  BED. 

Where  only  a  few  thousand  seeds  are  to  be  planted  they  may  be 
germinated  in  boxes  or  trays.  Taking  a  box  which  is  about  8  or  10 
inches  deep,  with  its  other  dimensions  of  convenient  size,  3  or  4  inches 
of  soil  are  placed  in  the  bottom.  The  seed  may  then  be  sown  on  this 
layer  of  soil  and  an  inch  more  of  soil  placed  over  them.  Over  this 
a  layer  of  mulching,  such  as  decayed  leaves  or  sphagnum,  or,  in 
fact,  anything  that  will  keep  the  soil  from  drying  out,  may  be  placed, 
and  in  this  the  seed  may  be  allowed  to  germinate  and  seedlings 
grown.  The  mulching  should  be  removed  as  soon  as  the  seedlings 
begin  to  come  up. 

The  ordinary  seed  bed,  or  cold  frame^  as  it  is  usually  prepared  by 
gardeners,  is  also  an  excellent  place  to  germinate  the  seed  and  grow 
seedlings.  In  planting  in  beds  of  this  kind  the  rows  should  be  made 
6  inches  or  a  foot  apart  and  the  seeds  dropped  at  the  rate  of  one  or 
two  dozen  to  each  foot  of  row.  The  seedlings  may  be  left  there  until 
they  have  grown  sufficiently  large  to  be  planted  in  the  nursery. 

For  growing  seedlings  on  a  large  scale,  where  hundreds  of  thou- 
sands are  to  be  grown,  it  becomes  necessary  to  make  a  careful  selec- 
tion of  the  spot  where  the  seeds  are  to  be  planted.  A  place  that  is 
not  in  danger  of  being  flooded  or  becoming  too  wet,  and  yet  that  will 
remain  constantly  moist,  should  be  chosen.  This  land  should  be 
thoroughly  broken  up,  plowed  deep,  especially  if  it  is  of  a  heavy  or 
clayey  nature,  the  rows  laid  off  from  2  to  4  feet  apart,  according  to 
conditions,  and  the  rows  then  opened  and  a  liberal  application  of 
fertilizer  made.  If  the  site  happens  to  be  a  clay  soil  it  is  well  to 
break  the  rows  at  least  10  inches  deep.  Fertilizer  is  then  scattered 
down  the  rows  and  worked  in  thoroughly  by  the  usual  farming  im- 
plements. From  two  weeks  to  a  month  after  the  seed  bed  has 
been  prepared  in  this  way  the  seed  may  be  sown.  The  furrows  are 
thrown  open  5  inches  deep  and  the  seed  scattered  down  the  rows, 
being  sufficiently  distributed  to  give  each  seed  an  inch  or  so  of  space. 
The  rows  may  be  made  from  4  to  8  inches  wide,  according  to  the 
needs  and  conditions.  The  seeds  are  then  covered  about  an  inch 
deep  and  the  soil  firmed  about  them.  If  drought  follows  the  plant- 
ing it  may  become  necessary  to  resort  to  watering  to  keep  the  seed 
from  drying  out. 

TnCE  OP  SOWING. 

The  best  time  to  sow  depends  upon  the  location  of  the  seed  bed. 
In  southern  Florida  and  the  West  Indies  the  seed  may  be  sown  as 
early  as  December.    In  central  and  northern  Florida,  and  in  Louisi- 
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ana,  Mississippi,  and  California,  it  is  better  to  wait  until  the  soil  has 
warmed  up  sufficiently  to  induce  rapid  germination  and  active 
growth.  This  time  may  be  reached  anywhere  from  the  first  of 
February  until  about  the  middle  of  March  or  later,  varying  in  dif- 
ferent seasons  and  in  different  localities. 

CULTIVATION  OF  THE  SEED  BED. 

The  cultivation  of  the  citrus  seed  bed  is  the  same  as  that  usually 
given  to  see^s  of  garden  crops.  At  first  a  light  working,  such  as  may 
be  done  with  a  garden  rake,  will  be  most  useful.  A  skillful  laborer 
may  rake  over  a  seed  bed  when  the  seedlings  are  coming  through 
the  ground  with  entire  safety  to  the  small  plants.  This  raking  may 
seem  quite  useless  in  many  instances,  but  it  is  very  important  in  that 
it  conserves  the  soil  moisture  and  breaks  the  crust  if  there  is  any 
tendency  to  form  a  hard  surface.  The  middles  may  be  cultivated 
with  the  usual  shallow-going  farm  tools — a  spring-tooth  cultivator, 
a  special  harrow,  or  a  hand  plow.  Cultivation  shbuld  be  repeated 
every  week  or  ten  days,  and  as  the  seedlings  grow  strcMiger  the  culti- 
vation in  the  clay  soils  should  be  made  deeper,  until  in  midsummer 
or  early  autumn  it  has  reached  the  maximum  depth  of  farm  cultiva- 
tion. On  the  sandy  lands  cultivation  should  never  be  more  than  3  or 
4  inche§  deep,  for  on  such  lands  the  soil  is  already  sufficiently  loose 
and  further  stirring  does  not  add  to  its  productiveness. 

T&AHSPLAHmra. 

Under  favorable  conditions  the  seedlings  will  have  attained  a 
height  of  from  6  to  12  inches  and  the  diameter  of  a  small  pencil  by 
autumn  or  by  the  next  winter.  The  seedlings  are  then  in  good  con- 
dition for  transplanting.  The  best  time  for  transplanting  is  less 
definite  than  that  of  sowing  the  seed.  In  the  West  Indies  and  south- 
ern Florida  transplanting  may  be  done  with  good  success  any  time 
after  the  seedlings  are  of  sufficient  size,  depending  on  the  favorable 
condition  of  the  soil.  In  other  citrus-growing  regions  transplant- 
ing is  done  in  the  spring  or  early  summer,  whenever  favorable  cli- 
matic conditions  occur.  Under  some  conditions  seedlings  are  per- 
mitted to  remain  in  the  seed  bed  for  nearly  two  years. 

In  preparing  for  transplanting  on  a  large  scale  the  nurseryman 
frequently  uses  a  tree  digger  to  run  under  the  seedlings.  This  loosens 
up  the  ground  on  both  sides,  and  at  the  same  time  cuts  most  of  the 
taproots.  The  depth  to  which  the  tree  digger  should  be  run  will 
depend  on  the  amount  of  root  growth  the  seedlings  have  made.  In 
heavy  soils  transplanting  is  much  facilitated  by  plowing  a  deep  fur- 
row on  each  side  of  the  seedling  row.  A  heavy  spade  may  then  be 
inserted  under  the  row,  and  the  seedlings  lifted  without  much  dam- 
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age  to  the  root  system.    Some  means  for  keeping  the  roots  moist 
after  they  have  been  removed  from  the  ground  should  be  provided. 

PBEPAKATIOH  POE  THE  mmSE&Y. 

The  location  of  the  nursery  is  of  very  considerable  importance. 
The  land  selected  can  usually  be  slightly  more  moist  than  such  as 
would  ordinarily  produce  a  good  grove,  but  to  be  successful  it  should 
not  be  subject  to  flooding,  nor  should  it  be  subject  to  drying  out  dur- 
ing severe  droughts.  The  rows  should  be  laid  off  from  4  to  6  feet 
apart,  thoroughly  broken  out  to  a  considerable  depth,  say  about  10 
inches,  and  then  prepared  in  the  usual  manner  in  which  gardeners, 
prepare  their  land  for  vegetables. 

Thoroughly  rotted  stable  manure  will  be  found  an  excellent  ferti- 
lizer in  heavy  clay  soils.  In  the  soils  that  are  inclined  to  be  sandy, 
commercial  fertilizers  will  be  found  of  greater  advantage.  The 
quantity  of  manure  and  fertilizer  to  be  used  will  depend  on  the  fer- 
tility of  the  land  to  be  planted.  Upon  the  ordinary  sandy  soils 
from  500  to  1,000  pounds  will  be  found  entirely  sufficient  for  the 
first  application.  On  rich  clay  soils  well-rotted  stable  manure  at 
the  rate  of  several  loads  to  the  acre  will  be  found  sufficient. 

The  rows  should  be  prepared  thoroughly  and  the  land  made  ready 
about  a  month  before  the  probable  time  for  setting  out  the  Tiursery 
stock.  After  the  land  has  been  prepared  it  will  do  no  special  harm 
if  one  has  to  wait  longer  than  was  expected  before  a  favorahle  timt* 
for  transplanting  arrives. 

When  the  time  for  transplanting  arrives  the  seedlings  may  be 
taken  out  of  the  seed  beds  and  transplanted  into  the  nursery  rows  in 
various  ways.  The  trees  should  be  set  about  a  foot  apart  in  the  row. 
Many  nurserymen  prefer  to  use  a  thin  spade  for  transplanting,  run- 
ning this  into  the  ground,  bending  it  over,  and  setting  in  the  tree. 
In  this  operation  one  man  uses  the  spade  while  another  man  inserts 
the  tree.  When  the  spade  is  withdrawn,  each  man  presses  a  foot 
near  the  tree  and  firms  the  soil  tightly  about  it.  In  other  cases  the 
nurseryman  prefers  to  simply  run  a  furrow  or  double  furrow  down 
the  row,  set  the  tree  firmly  into  position  by  hand,  and  then  fill  in  the 
soil  with  a  plow. 

In  setting  the  seedlings  they  should  be  placed  so  that  the  level  of 
the  soil  is  approximately  at  the  same  height  on  the  seedling  as  when 
it  grew  in  the  seed  bed.  .  If  the  trees  happen  to  be  set  an  inch  or 
so  lower  it  will  be  of  no  serious  disadvantage.  In  this  work  of  trans- 
planting, all  small  and  inferior  seedlings  should  be  thrown  out,  as 
in  all  probability  they  will  make  only  second  or  third  rate  nursery 
stock  and  will  prove  to  be  poor  trees  in  the  grove.  What  is  wanted 
of  nursery  stock  is  a  tree  that  has  vigorous  growth. 
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CXTLTIYATIOH  OF  THE  mmSE&Y. 

The  cultivation  of  the  nursery  may  begin  immediately  after  the 
seedlings  are  set  out.  The  cultivation  at  first  need  not  be  deep, 
merely  running  over  with  the  finishing  tools  to  conserve  the  moisture 
and  keep  the  ground  in  good  condition.  Where  the  soil  is  sandy  the 
cultivation  at  no  time  need  be  much  more  than  this.  In  the  heavy 
clay  soils  it  is  important  to  break  up  the  soil  as  deeply  and  thor- 
oughly as  possible.  The  length  of  time  elapsing  between  repetitions 
of  cultivation  will  depend  upon  the  condition  of  the  soil.  In  all  of 
the  work  of  cultivating  citrus  trees  it  should  be  remembered  that 
the  destruction  of  weeds  is  of  secondary  importance.  Of  course  this 
should  never  be  neglected,  but  the  real  value  of  cultivating  lies  in  the 
fact  that  the  soil  is  kept  in  a  suitable  condition  of  aeration.  If  a 
heavy,  beating  rain  falls  immediately  after  cultivating,  much  of  the 
good  effected  by  the  work  is  lost^  and  consequently  another  cultivation 
should  be  made  as  soon  as  the  soil  conditions  will  permit. 

SEEDLIHG  GROyE. 

In  the  early  history  of  the  citrus  industry  main  reliance  was  placed 
on  the  propagation  of  trees  from  seed.  Such  trees,  when  grown  to 
fruiting  age,  are  usually  spoken  of  as  seedlings.  The  use  of  seedling 
groves  has  been  almost  entirely  superseded  by  budded  groves.  At 
the  present  time  very  few  seedling  groves  are  being  planted.  If 
one  wishes  to  plant  a  seedling  grove  it  is  of  the  utmost  importance 
to  make  a  careful  selection  of  the  tree  from  which  the  seeds  are 
taken.  The  parent  tree  should  be  a  uniformly  heavy  cropper  and 
one  that  produces  superior  fruits  of  the  kind  desired.  Even  with 
all  of  these  precautions  there  is  less  certainty  as  to  the  quality  and 
quantity  of  fruit  that  will  be  produced  than  where  budded  trees  are 
planted. 

Another  disadvantage  of  planting  seedling  groves  is  that  such  trees 
are  later  in  coming  into  bearing  than  budded  trees  and  as  a  rule  are 
of  a  more  upright  growth.  The  vigor  of  seedling  trees  is  usually 
greater  than  that  of  the  ordinary  budded  grove,  but  this  is  practi- 
cally the  only  strong  argument  in  favor  of  a  seedling  grove. 

FBOFAOATnrO  BT  CUTTINOS. 

Lemons,  limes,  pomelos,  and  other  citrus  species  may  be  propa- 
gated very  readily  from  cuttings.  The  cuttings  should  be  made 
from  fairly  matured  wood  and  at  such  time  of  the  year  as  will  give 
considerable  moisture  to  the  soil  and  at  the  same  time  considerable 
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warmth.  While  these  cuttings  have  been  employed  for  producing 
nursery  stock  on  which  to  bud  they  are  not  so  satisfactory  as  seed- 
lings. The  growth  is  somewhat  slower  and  not  as  straight.  Root 
cuttings  from  these  various  species  may  also  be  employed,  but  these 
have  the  same  disadvantages  that  are  encountered  with  the  use  of 
cuttings  from  the  branch. 

BTTDDIHO. 

There  are  various  methods  of  propagating  citrus  trees — ^by  bud- 
ding, grafting,  or  inarching.  While  there  are  conditions  under 
which  grafting  becomes  necessary  and  when  inarching  must  be  prac- 
ticed to  obtain  the  desired  end,  budding  is  preeminently  the  best 
method  of  propagating  citrus  trees.  The  work  is  done  so  easily  and 
may  be  accomplished  with  such  certainty  of  good  results  that  graft- 
ing and  inarching  as  methods  of  increasing  the  stock  of  any  particu- 
lar variety  must  be  considered  obsolete. 

The  subject  of  budding  was  well  covered  by  Dr.  H.  J.  Webber 
in  his  paper  entitled  "Methods  of  Propagating  the  Orange  and 
Other  Citrus  Fruits,"  which  appeared  in  the  Yearbook  of  the  United 
States  Department  of  Agriculture  for  1896,  and  as  no  important 
improvements  have  been  made  since  that  date  the  following  chapters, 
with  the  exceptions  of  those  on  time  of  budding  and  on  cutting  buds, 
are  quoted  without  modification. 

TIME  OF  BTTPDnra. 

In  regions  where  a  more  or  less  definite  winter  occurs,  budding  is 
practiced  either  late  in  the  autumn,  about  November  or  December, 
and  called  dormant  budding ;  or  in  the  spring,  after  a  vigorous  growth 
has  started.  Good  citrus  stock  may  be  budded  at  almost  any  time  of 
the  year,  except  during  the  winter  in  those  sections  where  a  decided 
lowering  of  the  temperature  occurs.  In  general  it  may  be  said  that 
buds  may  be  inserted  at  any  time  of  the  year  when  the  bark  of  the 
stock  separates  easily  from  the  wood.  This  always  indicates  a  strong 
flow  of  sap. 

CUTTHTG  BUDS. 

Some  experienced  nurserymen  prefer  to  cut  the  bud  sticks  and  keep 
these  for  a  few  days  or  several  weeiks  before  inserting  the  bud.  It  is 
thought  by  them  that  a  larger  percentage  of  the  buds  will  take  under 
these  conditions. 

SELECXnTG  BTTDS. 

Bud  wood  should  always  be  selected  from  fairly  well-matured  wood  of  the 
current  year's  growth.  Round  sticks  (or  as  nearly  round  as  possible)  should 
be  selected.  The  young  growth  of  orange  wood  is  at  first  angular,  becoming 
rounder  as  the  twig  matures.  The  basal  portions  of  the  young  branches,  which 
are  nearly  or  quite  round  (fig.  2,  a),  supply  the  best  buds,  with  the  exception 
of  the  first  two  or  three,  which  are  usually  somewhat  imperfect  and  should  be 
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discarded.    Where  It  is  difflcolt  to  secure  well-rounded  wood,  angular  wood 

which  is  not  too  soft  (flg.  2,  ft)  may  be  used.    This,  however,  is  not  quite  so 

satisfactory.     Thorny  bud  wood  should  never  be  used 

when  other  wood  can  be  obtained.    Thorny  trees  are  very 

undesirable,   and   a   careful   selection   of   thomless   bud 

wood  will  soon  result  in  thomless  trees.     The  thorns 

have  been  bred  out  of  many  of  the  best  citrus  varieties, 

and  if  nurserymei  would  exercise  proper  care  all  the 

desirable  varieties  could  soon  be  rendered  thomless. 

After  cutting,  the  leaves  should  be  pruned  off  and  the 
twigs  cut  into  sections  of  the  desired  length.  To  preserve 
the  bud  wood  until  needed  the  twigs  should  be  tied  up  in 
convenient-sized  bundles,  carefully  labeled,  and  packed  in 
old  sawdust  in  a  box  of  suitable  size.  The  box  should 
then  be  closed  and  buried  in  sheltered  ground  several 
inches  below  the  surface.  In  this  way  bud  wood  can  be 
preserved  in  good  condition  for  from  two  to  three  months. 
Dampened  sphagnum,  or  peat  moss,  may  be  used  instead 
of  sawdust,  but  in  this  case  considerable  care  must  be 
exercised  to  get  the  moss  properly  dried.  It  must  be 
moist,  but  not  wet,  for  if  too  wet  the  bud  wood  may  mold. 
The  same  caution  applies  also  to  sawdust.  In  this  case 
the  proper  degree  of  moisture  can  be  secured  by  taking  the 
material  from  the  interior  of  an  old  pile.  Sawdust  does 
not  lose  its  moisture  readily  and  is  the  best  nlaterial  for 
imcklng.  Some  simply  bury  the  bud  wood  in  the  soil  under 
shelter,  digging  down  until  the  moist  earth  Is  reached.* 


MATE&IALS  FOE  BUDDDf  G. 


Pig.  2. — Sweet-orange 
twigs :  a.  Round 
twig  of  select  buds ; 
h,  angular  twig  of 
buds.  (Prom  Year- 
book, U.  S.  Dept.  of 
Agriculture,  for 
1896.) 


Before  beginning   the  operation  of  budding,   material 
should  be  provided  for  wrapping  the  buds.    For  this  pur- 
pose cotton  cord,  yam,  strips  of  waxed  cloth,  etc.,  are  used.    The  last  named 
has  practically  superseded  all  others  in  Florida,  being  more  conveni^it  and 
giving  better  results  than  any  other  wrapping  material.    The  strips  are  made 
^_^_______^_^  ^      from  strong  muslin  or  calico.    Before  the  cloth  is  torn 

*~^  f  into  strips  it  Is  folded  into  convenient  size  and  dipped 

^^  ''  ^       into  a  hot  solution  of  wax  made  by  melting  together  two 

parts  of  beeswax  and  one  part  of  rosin.  Several  formulas 
for  making  this  wax  are  used,  any  one  of  which  will 
probably  answer.  The  method  described  is  known  from 
personal  experience  and  observation  to  give  good  results. 
After  saturating  the  cloth  with  the  hot  wax,  all  the  super- 
fluous  wax  should  be  removed  before  the  cloth  cools.  To 
accomplish  this  quickly,  hang  the  piece  of  cloth,  folded  in 
convenient  form  before  waxing,  over  a  small,  strong 
stick  (flg.  3,  a),  which  is  held  by  an  assistant.  Then 
take  two  similar  sticks  of  wood,  and  holding  them  parallel 
on  either  side  of  the  cloth  (flg.  3,  &),  press  them  firmly 
together  and  pull  downward,  squeezing  out  the  superfluous  hot  wax.  The  cloth 
should  then  be  spread  out  until  cool,  after  which  it  is  ready  to  be  torn  into 
strips  of  the  desired  size — that  is,  one-fourth  to  one-half  inch  wide  and  from 

^The  clean,  long  sawdust  from  cypress  shingles  will  make  an  excellent  packing  mate- 
rial.— P.  H.  R. 
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Pio.  3.  —  Strip  of 
budding  cloth, 
showing  method  of 
removing  surplus 
wax.  (Prom  Year- 
book, U.  S.  Dept 
of  Agriculture,  for 
1896.) 
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10  to  12  inches  long.  The  cloth  may  be  torn  into  strips  before  it  is  taken  into 
the  field  or  it  may  simply  be  torn  into  convenient-sized  pieces  and  afterwards 
torn  into  strips  in  the  field  as  desired  for  use.  The  latter  is  probably  the  most 
convenient  way.^ 

Using  waxed  cloth  for  wrapping  effectually  excludes  moisture,  prev^its  the 
bud  from  drying  out,  and  the  work  can  be  done  more  quickly  than  with  string, 
as  the  strips  cover  more  surface  and  do  not  require  tying,  the  wax  serving  to 

hold  the  cloth  firmly  in  place.  It  may  there- 
fore be  recommended  as  far  preferable  to 
any  other  wrapping  material.' 

HOW  TO  BUB. 

Budding  is  a  simple  process,  consisting  in 
inserting  a  bud  of  a  desired  variety  under 
the  bark  of  the  stock  in  such  a  way  that 
the  freshly  cut  inner  bark  of  the  bud  comes 
in  close  contact  with  the  layer  of  growing 
wood  (cambium)  of  the  stock.  The  bark  is 
closed  over  the  inserted  bud  and  the  stock 
wrapped  with  waxed  cloth,  as  described,  so 
that  the  bud  is  firmly  pressed  against  the 
growing  wood.  If  the  operation  is  properly 
performed,  the  tissue  of  the  bud  and  stock 
soon  fuse  together  and  the  bud  may  be 
forced  to  grow. 

In  all  varieties  and  stocks  of  citrus  fruits 
the   process  of  budding  is   practically   the 
same,  the  method  commonly  employed  being 
that  known  as  shield  or  eye  budding  (fig.  4). 
The  bud  is  Inserted  in  the  young  stock  near 
the  ground.    Previous  to  the  severe  freezes 
of  the  winter- of  1804-95  the  general  prac- 
tice was  to  insert  the  buds  12  to  18  Inches 
above  the  ground,  but  since  then  the  tendency 
is  to  bud  as  near  the  surface  of  the  soil  as 
possible,  so  that  the  trees  may  be  readily 
banked  with  the  earth  above  the  bud  to  protect  against  Injury  from  freezes. 
Most  of  the  buds  are  now  Inserted  from  2  to  6  Inches  above  the  soil.    In  sections 
where  foot-rot  Is  abundant  and  sour-orange  stock  Is  used  as  a  preventive  meas- 
ure the  buds  should  be  inserted  from  12  to  18  inches  above  the  soil,  so  that 
the  sweet-orange  wood  will  be  above  the  Infiuence  of  the  disease. 

All  leaves  and  limbs  which  would  hinder  the  proper  wrapping  of  the  buds 
should  be  cut  away  with  a  sharp  budding  knife.  The  use  of  sharp  tools  Is  the 
secret  of  success.    A  vertical  cut  about  1^  Inches  long  Is  made  at  the  point  where 


FtG.  4. — Shield  op  eye  buda:  a. 
Method  of  cutting  bud  from  round 
twig;  h,  bud  cut  ready  to  Insert; 
c,  face  of  bud  showing  the  cut 
surface.  (From  Yearbook,  U.  S. 
I>ept.  of  Agriculture,  for  1896.) 


1  The  waxed  cloth  may  be  torn  in  strips  half  an  Inch  wide  and  the  length  of  the  cloth 
and  wrapped  into  balls.  In  wrapping  the  balls  each  new  piece  added  is  slipped  about 
half  an  inch  under  the  former  piece.  These  balls  make  a  very  convenient  method  of 
carrying  the  waxed  cloth  into  the  field. — P.  H.  R. 

*  The  choice  of  wrapping  material  is  an  individual  and  a  local  affair.  Some  nursery- 
men use  only  raffia  and  have  nearly  perfect  success ;  other  nurserymen  use  only  cotton 
wrapping  twine  and  their  buds  take  almost  perfectly.  They  are  located  In  the  moliter 
sections,  where  buds  are  not  likely  to  dry  out. — P.  H.  B. 
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the  bud  Is  to  be  inserted.  At  the  base  of  this  a  horizontal  cut  is  made,  so  that 
the  two  cuts  present  the  appearance  of  an  inverted  T  ( X ),  as  shown  in  flg.  5,  a. 
The  cuts  should  not  be  deep.  The  aim  should  be  to  merely  cut  through 
the  bark,  but  no  injury  will  result  if  the  cuts  are  rather  deeper.  The 
lower  edges  of  the  bark  are  slightly  raised  with  the  end  of  the  knife  blade 
(flg.  5,  6)  to  facilitate  the  insertion  of  the  bud.  This  may  also  be  accomplished 
by  giving  the  knife  an  upward  turn  after  making  the  horizontal  cut.  Now, 
take  a  stick  of  bud  wood  in  the  left  hand  and  cut  out  a  bud,  as  illustrated  in 
flg.  4.  Formerly  the  portion  of  the  wood  cut  out  with  the  bud  was  removed, 
but  experi^ice  has  shown  that  this  is  entirely  unnecessary.  The  upper  end  of 
the  bud  is  inserted  under  the  slightly  raised  ends  of  the  bark  (flg.  5,  c)  and 
gradually  pushed  upward  until  all  portions  of  the  cut  face  of  the  bud  come  in 
contact  with  the  wood  of  the  stock  (fig.  5,  d).  If  in  proper  condition  for  bud- 
ding, the  bark  of  the  stock  readily  separates,  allowing  the  bud  to  be  pushed 


a  u  w  a  c 

Fio.  5. — Shield  or  eye  budding:  a.  Incision  on  stock;  h.  Incision  with  lower  ends  of 
bark  raised  for  inserting  the  bud ;  r,  bud  partially  inserted ;  d,  bud  Inserted  ready  to 
wrap;  c,  bud  wrapped  with  waxed  cloth.  (From. Yearbook,  U.  S.  Dept.  of  Agriculture, 
for  1806.) 

upward  into  position.  The  bud  is  now  ready  to  wrap.  Take  a  strip  of  the 
waxed  cloth  prepared  as  above,  and  beginning  slightly  below  the  horizontal  cut 
wrap  tightly  around  the  stock  over  the  bud  in  a  spiral  manner,  each  turn 
slightly  overlapping  the  previous  one.  The  wax  holds  the  cloth  in  place  and 
makes  it  possible  to  draw  it  very  tight.  When  the  vertical  incision  has  been 
entirely  covered,  turn  the  end  of  the  strip  slightly  downward  over  the  wrapped 
portion,  to  which  it  adheres  more  firmly  than  it  would  to  the  bark,  and  no 
tying  will  be  necessary  (flg.  5,  e).  It  is  better  to  wrap  from  below  upward,  as 
in  this  case  each  turn  overlaps  the  other  in  the  right  direction  to  prevent  water 
running  down  the  stem  from  entering.  Nurserymen  usually  wrap  over  the  bud, 
covering  it  entirely.  Some,  following  the  practice  commonly  used  with  other 
fruits,  leave  the  eye  of  the  bud  exposed.  This,  however,  is  more  troublesome 
and  does  not  succeed  so  well. 

In  some  cases  where  bud  wood  of  certain  varieties  is  difficult  to  secure,  it 
may  be  desired  to  use  buds  from  the  young  angular  wood  (flg.  2,  ft).    This  may 
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be  used  with  good  results  if  the  stock  to  be  budded  is  growing  rapidly  and  is 
in  a  succulent  condition.  In  this  case  the  method  of  cutting  and  inserting  the 
bud  is  slightly  different  from  that  already  described.  In  cutting  the  buds  the 
sticlc  is  turned  slightly  to  one  side,  so  that  as  the  bud  is  cut  off  the  eye  lies  on 
one  side  instead  of  in  the  center  of  the  bud  (fig.  6,  a,  h,  and  c).  It  is  only  by 
cutting  the  bud  in  this  way  that  the  cut  surface  is  made  wide  Plough  to  hold 
the  bud  firmly  in  position.  For  inserting  these  buds  an  incision  is  made  in 
the  bark,  as  shown  in  fig.  5,  a.  The  bark  is  slightly  raised  on  one  side  with  the 
point  of  the  knife  and  the  bud  is  slipped  under  in  a  lateral  direction,  the  eye 

remaining  in  the  vertical  slit 
(fig.  6,  <f).  The  bud  is  then 
wrapped  as  shown  in  fig.  5,  e. 


UNWRAPPING  THE  BTTBS. 

In  from  10  to  12  days  the 
buds  will  have  united  with  the 
stock  and  may  then  be  un- 
wrapped. In  early  spring,  when 
the  weather  is  cool  and  the 
growth  slow,  the  wrapping 
should  be  left  on  from  15  to 
20  days,  while  In  the  summer 
when  the  weather  is  warm 
and  the  growth  rapid,  10  days 
is  usually  a  sufficient  length 
of  time.  However,  it  is  im- 
possible to  say  definitely  how 
much  time  should  elapse  be- 
fore the  wrapping  should  be 
removed,  as  the  wood  of  the 
stock  should  never  be  allowed 
to  grow  over  the  buds.  It 
should  not  be  removed  until  a 
light  grayish  line  of  new  tissue 
can  be  seen  forming  around  the 
edge  of  the  incision  made  in 
inserting  the  bud.  A  little  ex- 
perience will  enable  one  to  tell  at  what  stage  it  is  safe  to  unwrap.  Under 
ordinary  conditions  from  12  to  15  days  will  give  good  results,  but  in  very  dry 
weather  in  the  summer,  when  growth  is  slow,  it  may  be  necessary  to  leave  the 
wrapping  on  for  a  longer  time.  Some  10  days  after  budding  an  examination 
should  be  made  of  a  number  of  the  buds,  and  if  they  are  found  to  be  well  healed 
on,  the  wrapping  may  be  taken  off ;  but  if  not  the  wrapping  should  be  replaced 
and  allowed  to  remain  some  time  longer.  If  the  wraps  are  allowed  to  remain 
too  long,  the  wood  of  the  stock  is  likely  to  grow  over  the  buds  and  greatly 
hinder  their  pushing. 

POBCING  THE  BTTPS. 

In  order  to  force  the  buds  to  push  uniformly  after  they  have  healed  on,  it  la 
necessary  to  severely  check  the  growth  of  the  stock.  This  is  most  commonly 
accomplished  in  nurser>'  trees  by  lopping  the  tops,  as  it  is  called,  which  la 
usually  done  from  3  to  5  days  after  the  wraps  are  removed  from  the  buds. 
The  lopping  is  usually  done  with  pruning  scissors,  the  knife  edge  being  placed 
039 


Pig.  6. — Shield  budding  with  angular  wood :  o, 
Cutting  the  bud;  ft,  bud  cut  ready  to  insert; 
c,  bud  showing  cut  face ;  d,  bud  inserted,  bark 
on  right  side  only  being  raised.  (I^rom  Year- 
book. U.  S.  Dept.  of  Agriculture,  for  1896.) 
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about  2  Inches  above  the  bud  and  the  stock  cut  two-thirds  through.    The  top 
is  then  bent  over  to  one  side  and  allowed  to  rest  on  the  ground  (fig.  7,  a). 

To  provide  for  subsequent  cultivation  and  attention  it  is  necessary  to  use 
some  definite  plan  of  budding  and  lopping  in  the  nursery.  Two  methods  most 
commonly  followed  by  Florida  nurserymen  are  to  lop  the  tops  of  two  adjoining 
rows  into  the  same  center   (fig.  8,  o),  keeping  the  alternate  ^ 

colters  free  for  cultivation,  or  to  lop  the  tops  of  alternate  rows 
in  different  directions,  one  row  in  each  center  (fig.  8,  h),  and 
piace  them  near  the  rows.  By  the  latter  method  a  cultivator 
may  be  run  up  one  row  and  down  the  other,  passing  always 
in  the  direction  in  which  the  tops  are  inclined  so  that  the 
branches  will  not  interfere  with  the  cultivator.  Usually  the  old 
tops  are  allowed  to  remain  attached  until  the  buds  have  attained 
a  height  of  from  12  to  18  inches,  after  which  they  may  be  cut  off. 

Some  nurserymen  have 
found  tliat  the  buds 
make  a  larger  growth 
if  the  old  tops  are 
allowed  to  remain  at- 
tached through  the  sum- 
mer and  are  cut  off  in 
September.  If  this  prac- 
tice is  followed,  two 
rows  of  trees  should  be 
lopi)ed  together.  The 
toi>s  thus  form  a  dense  shade  or  sort  of  mulch  on  the  soil,  keeping  It  moist 
and  preventing  the  weeds  from  growing.  In  this  case  It  is  also  desirable 
that  the  rows  lopped  together  should  be  planted  rather  close  (about  3  feet 

apart),  for  If  this  Is  not  done  the 

t  vl 


Fio.  7. — Treatment  of  buda :  a.  Young  tree  lopped  to 
force  bud ;  6,  bud  and  supporting  stake  after  "  lop " 
has  been  removed.  (From  Yearbook,  V.  S.  Dept.  of 
Agriculture,  for  1896.) 


weeds  will  grow  up  among  the  tops, 
making  It  necessary  to  cut  off  the 
latter  when  the  buds  are  1  foot  to 
18  inches  high  In  order  to  keep  the 
weeds  down.  In  the  case  of  vigor- 
ously growing  stocks,  like  the  rough 
lemon,  It  Is  said  to  be  very  desirable 
to  leave  the  tops  attached  for  some 
time. 

When  the  old  tops  are  removed, 
the  portion  remaining  above  the 
bud  should  be  cut  off  smooth  and 
close  to  the  bud,  so  that  it  will 
soon  heal  over  without  forming  an 
ugly  scar  (fig.  7,  6).  Some  follow 
the  practice  of  coating  the  freshly 

cnt  end  with  shellac,  but  others  working  on  an  extensive  scale  never  do  this. 

It  is  seldom  that  any  noticeable  benefit  is  derived  from  the  practice. 


a 

Fio.  8. — IMR^^rams  illustrating  metbods  of 
lopping  nursery  trees :  a.  Lopping  two  rows 
in  one  center,  leaving  alternate  centers 
free  for  cultivation ;  h,  lopping  alternate 
rows  in  opposite  directions.  (From  Year- 
book, U.  S.  Dept.  of  Agriculture,  for  1896.) 


GBOWTH  OF  THE  BTTPS. 

The  attachment  of  the  rapidly  growing  bud  is  at  first  very  weak  and  it  is 
necessary  to  strengthen  It  by  tying  to  a  stake  (fig.  7,  &).     Some  nurserymen 
practice  cutting  the  stock  rather  high  in  lopping,  and  support  the  buds  for  a 
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time  by  tying  them  to  the  remaining  portion  of  the  stock.  The  buds  push  much 
better,  however,  when  the  stocics  are  cut  very  close  in  lopping,  so  that  it  is 
hardly  desirable  to  depend  upon  this  method  of  supporting  the  buds,  as  In 
either  case  it  Is  necessary  later  to  supply  the  supporting  staltes.  (See  figs. 
7  and  9.) 

The  development  of  the  buds  should  be  carefully  watched  during  summer, 
and  they  should  be  pruned  in  such  a  way  as  to  produce  a  top  of  the  desired 
shape.  In  Florida,  where  a  low  tree  is  desired,  it  is  necessary  to  nip  the  tops 
when  they  are  2  or  3  feet  high  to  Induce  branching.    The  buds  which  push  low 


Fio.  0. — Arrangement  of  stakes  In  a  nursery.     (From  Yearbook,  U.  S.  Dept.  of  Agriculture, 

for  1896.) 

down  on  the  stock  or  bud  should  be  rubbed  off  before  they  have  grown  to  any 
size,  as  their  growth  detracts  from  the  development  of  the  bud. 

DOBliANT  BUDDING. 

Putting  In  buds  which  are  Intended  to  remain  dormant  during  the  winter,  or 
dormant  budding,  as  It  Is  called,  Is  usually  done  In  October  or  Noveml)er.  The 
process  is  exactly  the  same  as  described  above,  except  that  the  tops  are  allowed 
to  remain  standing  until  the  following  spring.  They  are  lopped  In  the  usual 
manner  the  latter  part  of  February,  or  Just  before  the  spring  growth  starts. 
The  advantage  of  dormant  budding  Is  to  secure  the  first  spring  growth  in  the 
bud,  which  is  the  largest  growth  in  the  year. 
539 
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LETTER  OF  TEAlfTSMITTAL. 


United  States  Department  of  Agriculture, 

Bureau  of  Entomology, 
Washington,  D.  C,  April  15,  1913. 
Sm:  I  transmit  herewith  a  manuscript  entitled  ''The  Stable  Fly," 
by  F.  C.  Bishopp,  of  this  bureau.  This  insect  is  a  pronounced  enemy 
of  domestic  animals,  frequently,  as  in  the  season  of  1912,  causing 
much  loss  among  cattle  and  horses.  It  also  becomes  of  great  impor- 
tance on  account  of  its  proved  carriage  of  the  disease  known  as 
''infantile  paralysis"  among  human  beings,  and  of  its  suspected  car- 
riage of  pellagra.  It  is  important  that  stockmen  and  medical  men 
should  know  at  an  early  date  everything  possible  about  this  pest, 
and  the  accompanying  manuscript  has  been  prepared  for  this  pur- 
pose. I  recommend  that  it  be  published  as  a  Farmers*'  Bulletin,  in 
order  to  enable  its  wide  distribution. 

Respectfully,  L.  O.  Howard, 

Entomologist  and  Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture, 
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THE   STABLE   FLY. 


IHTEODTJCTOET. 

The  wide  distribution  of  the  stable  fly  (Stamoxys  calcitrans  L.),  its 
intimate  association  with  man,  and  its  close  resemblance  to  the  so- 
caUed  house  fly  or  typhoid  fly  {Mvsca  damestica  L.)  have  led  many 
to  consider  it  identical  with  that  species.  Not  until  the  stable  fly 
becomes  so  numerous  as  greatly  to  harass  live  stock,  or  until  the  acute 
pain  which  accompanies  the  insertion  of  its  proboscis  is  felt  by  the 
farmer  himself,  is  man  usually  brought  to  a  realization  of  the  presence 
of  a  fly  different  from  that  distributor  of  typhoid  germs,  the  common 
house  fly.  Severe  outbreaks  of  the  stable  fly  have  led  many  to  ob- 
serve the  flies  more  closely  and  to  note  their  identity.  Thus  many 
individuals  in  certain  sections  speak  of  the  stable  fly  as  the  *'wild 
fly,"  "straw  fly,"  or  "biting  house  fly,"  to  differentiate  it  from  the 
ordinary  house  fly.  The  common  name  "stable  fly"  ia  applied  to  it 
because  of  its  continual  presence  around  stables,  except  during  cold 
weather,  and  its  comparative  scarcity  about  the  dwellings  of  man. 
Until  very  recently  the  stable  fly  received  little  attention  at  the  hands 
of  the  entomologist  or  others.  The  recent  demonstration  by  Drs. 
Rosenau  and  Bnies  of  the  possibility  of  the  transmission  of  a  distress- 
ing disease  of  man,  known  as  infantile  paralysis,  through  the  agency 
of  this  fly,  greatly  stimidated  interest  in  the  study  of  the  insect.  A 
similar  effect  was  also  produced  by  the  possible  connection  of  this 
pest  with  the  transmission  of  peUagra  in  man,  as  pointed  out  by 
Messrs.  Jennings  and  King  of  the  Bureau  of  Entomology.  The  inves- 
tigations of  authorities  in  this  and  other  countries  indicate  that  an 
important  relation  exists  between  certain  diseases  of  domestic  ani- 
mals and  this  fly.  Aside  from  the  rdle  played  by  the  insect  in  disease 
transmission,  it  is  an  all-too-common  and  persistent  pest  to  domestic 
animals.  It  will  thus  be  seen  that  the  stable  fly  may  be  of  impor- 
tance in  three  ways,  namely,  as  a  tormentor  of  live  stock,  as  a  carrier 
of  diseases  of  domestic  animals,  and  as  a  transmitter  of  diseases  in 
man. 

DISTKIBTJTIOlf  AND  ABTJlfDAlfCE. 

The  stable  fly  is  one  of  the  most  widely  distributed  of  insects.  It 
appears  to  occin*  commonly  in  all  parts  of  the  world  inhabited  by  man 
and  the  larger  domestic  animals.    In  those  parts  of  the  tropical,  sub- 
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tropical,  and  temperate  regions  in  which  domestic  animals  are  reared, 
especially  where  those  animals  are  kept  in  considerable  numbers,  the 
fly  is  a  pest  of  importance.  The  absence  of  severe  cold  in  the  winters 
and  the  moist  warm  conditions  prevailing  in  many  of  the  countries 
bordering  on  the  Tropics  allow  almost  continual  breeding;  hence  in 
these  regions  the  fly  is  of  importance  throughout  the  entire  year. 

The  stable  fly  has  been  in  the  United  States  for  many  years. 
Although  it  is  probable  that  it  was  introduced  from  Europe  with  live 
stock  brought  here  by  the  earliest  colonists,  we  have  no  definite 
knowledge  regarding  its  first  occurrence  in  this  country.  The  strong 
flight  of  the  fly  and  its  close  association  with  domestic  animals  has 
permitted  it  to  spread  to  all  parts  of  the  country. 

The  abundance  of  the  species  appears  to  be  dependent  largely  upon 
local  and  seasonal  conditions.  In  the  southern  part  of  the  United 
States  the  insect  is  a  pest  of  more  or  less  importance  throughout  the 
year,  but  is  usually  most  abundant  in  the  latter  part  of  the  summer 
and  during  the  fall.  In  the  North  and  West  it  seldom  becomes  suf- 
ficiently numerous  to  cause  annoyance  to  stock  until  the  latter  part 
of  the  summer  and  the  early  fall,  the  injury  diminishing  rapidly  after 
heavy  frosts.  It  appears  that  the  fly  is  of  much  more  importance  as 
a  pest  in  the  grain  belt  than  elsewhere.  This  point  will  be  discussed 
more  fully  in  another  part  of  the  paper. 

From  time  to  time  climatic  and  other  conditions  have  been  favor- 
able for  the  production  of  flies  in  great  numbers,  but  little  definite 
information  is  at  hand  regarding  severe  outbreaks  which  occurred 
prior  to  1912.  Old  residents  in  the  north-central  part  of  Texas  state 
that  exceedingly  large  numbers  of  flies  were  present  during  the  sum- 
mer of  1867.  Another  outbreak  occurred  in  parts  of  Texas  in  1894 
or  1895,  and  in  1905  the  flies  were  again  numerous  enough  to  cause 
serious  loss. 

Notes  have  been  published  from  time  to  time,  in  early  entomological 
papers,  on  the  injuriousness  of  this  insect.  In  September,  1888,  we 
find  in  Insect  Life  a  reference  to  it  as  a  pest  to  horses  in  Oregon. 
The  correspondent  in  this  case  stated  that  the  fly  made  its  appear- 
ance at  Salem,  Oreg.,  two  or  three  years  before,  though  this  informa- 
tion can  scarcely  be  considered  as  reliable.  This  same  issue  of  Insect 
Life  also  includes  the  statement  that  in  the  spring  of  1888  the  fly 
was  reported  to  have  caused  considerable  annoyance  to  cattle  in 
Maryland  and  New  Jersey. 

In  Kansas  and  Nebraska  it  has  been  determined  that  it  is  a  pest  of 
some  importance  every  year  throughout  the  grain  belt  of  those 
States,  but  occasionally  it  appears  in  much  greater  numbers  than 
normal.  Statements  made  by  farmers  in  other  sections  of  the 
country  where  grain  is  grown  extensively,  notably  in  the  Dakotas 

540 


Digitized  by 


Google 


THE  STABLE  FLY.  7 

and  Minnesota/ indicate  that  the  fly  is  sufficiently  numerous  nearly 
every  year  to  cause  considerable  trouble.  In  the  Southwestern 
States  it  sometunes  becomes  very  abundant,  although  records  of 
serious  outbreaks  have  not  been  made.  In  central  and  southern 
Louisiana  it  is  often  very  annoying  to  all  Uve  stock.  This  is  especially 
true  in  the  region  where  rice  is  grown  extensively.  It  appears  from 
investigations  conducted  in  the  central  part  of  Florida  that  the 
stable  fly  is  seldom  present  in  sufficient  numbers  to  attract  attention. 
Prof.  C.  P.  Gillette,  of  the  Colorado  Agricultural  College,  says  in  a 
recent  letter,  "Possibly  the  common  stable  fly  is  really  the  worst 
pest  [of  Uve  stock  in  Colorado]  on  accoimt  of  its  being  so  abundant 
and  ever  present."  In  northern  Colorado  and  southern  Wyoming, 
at  altitudes  of  from  5,000  to  7,500  feet,  the  writer  has  observed  the 
insect  to  annoy  horses  and  cattle  greatly  during  the  latter  part  of 
sxmimer.  From  a  statement  made  by  Prof.  J.  M.  Aldrich  we  learn 
that  it  is  troublesome  to  cattle  in  Idaho,  and  Prof.  R.  W.  Doane 
states  that  it  is  one  of  the  worst  fly  pests  to  Uve  stock  in  California. 

THE  SEVEEE  OTJTBKEAE  OF  THE  STABLE  FIT  IH  1912. 

During  the  late  summer  and  early  fall  of  1912  an  unprecedented 
outbreak  of  this  pest  occurred  in  northern  Texas.  The  area  of 
greatest  abundance  was  practically  coextensive  with  regions  where 
grain  was  extensively  produced  that  season.  The  most  severe 
injury  was  experienced  in  Grayson,  Cook,  Collin,  and  Denton  Counties, 
in  northern  Texas.  The  fly  was  also  abundant  as  far  south  as  Hill 
County  and  as  far  west  as  Wichita  County,  and  in  parts  of  southern 
Oklahoma  it  also  caused  much  alarm.  In  certain  parts  of  Kansas 
and  Nebraska  it  was  also  said  to  be  more  abundant  than  normal. 

In  Texas  the  flies  appear  to  have  become  seriously  numerous  about 
August  12  and  the  outbreak  to  have  continued  in  its  severe  form 
until  the  end  of  August.  FUes  were,  however,  very  numerous 
throughout  September  and  the  greater  part  of  October,  but  rapidly 
diminished  after  cold  weather  began.  Under  a  number  of  the  suc- 
ceeding topics  reference  is  made  to  conditions  which  prevailed  during 
this  outbreak.  Some  of  these  iUustrate  the  severity  of  the  pest 
during  such  an  occurrence. 

A  study  of  the  conditions  existing  in  northern  Texas  during  1912 
showed  that  the  ffies  were  breeding  to  a  great  extent  in  straw  stacks. 
Unusually  heavy  rains  occurred  in  the  early  part  of  August,  and  as 
most  of  ^e  straw  was  freshly  threshed  and  had  not  become  settled, 
the  rain  deeply  penetrated  the  stacks.  The  straw  became  heated 
immediately  and  formed  very  attractive  breeding  places  for  flies. 
The  grain  crop  of  1912  was  one  of  the  largest  ever  produced  in  Texas, 
and  as  the  straw  was  also  heavy  a  great  number  of  straw  stacks 
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were  present  to  furnish  their  quota  of  the  pest.  In  fact,  the  flies 
were  so  numerous  around  these  stacks  that  many  men  in  plowing 
their  fields  avoided,  so  far  as  possible,  the  portions  adjacent  to  them. 
Although  the  stacks  dried  out  rapidly  on  the  surface,  the  straw 
beneath  continued  moist  for  several  months,  and  flies  continued  to 
emerge  from  these  stacks  where  the  straw  was  not  destroyed  or  where 
breeding  was  not  otherwise  prevented. 

Dr.  L.  O.  Howard  published  a  note  a  few  yeaifs  ago  calling  atten- 
tion to  a  report  by  Prof.  Iches  on  an  invasion  by  this  fly  of  a  large 
estate  in  the  Province  of  Santa  Fe,  Argentina.  This  occurrence 
appears  to  have  been  very  similar  to  the  recent  outbreak  in  Texas. 
The  flies  were  found  by  Prof.  Iches  to  be  breeding  in  wheat  and 
flax  straw  after  threshing. 

HOSTS. 

Practically  all  warm-blooded  animals  are  attacked  by  this  insect. 
Some  of  our  domestic  species,  however,  are  much  freer  from  injury 
than  are  others,  owing  to  protection  aflforded  the  host  by  its  hair  or 
by  some  habit.  Mules  in  general  seem  to  be  more  amioyed  by  the 
flies  than  any  of  the  other  domestic  live  stock.  Horses  and  cattle 
are,  however,  heavily  attacked  and  often  suffer  severe  injury.  Those 
animals  which  are  not  easily  disturbed  and  irritated  act  as  hosts  for  a 
greater  number  of  flies,  but  the  result  is  probably  not  so  serious  as 
with  more  nervous  individuals,  which  are  consequently  more  easily 
worried.  Sheep  and  goats  are  attacked  on  parts  of  the  body  not 
protected  by  wool,  particularly  the  legs.  Hogs  are  often  attacked, 
especially  when  they  are  free  in  pastures.  The  flies  are  not  attracted 
to  the  hog  pens  as  are  house  flies,  and  where  the  animals  have  access 
to  mud  they  are  seldom  bitten  to  any  great  extent  except  when  flies 
are  extremely  abundant.  Dogs  and  cats  have  also  been  seen  with 
flies  feeding  upon  them.  Dogs  with  thin  hair  are  exceedingly  sus- 
ceptible to  injury  and  are  greatly  worried  by  the  attacks.  In  some 
cases  the  flies  become  sufficiently  nimierous,  especially  on  the  ears, 
where  they  are  inclined  to  feed  most  commonly,  to  cause  the  blood 
to  trickle  from  the  bites.  In  a  few  instances  chickens  have  been  seen 
with  flies  feeding  upon  their  combs;  however,  healthy  poultry  are  so 
active,  as  well  as  so  largely  protected,  that  they  are  seldom  annoyed. 
Man  is  also  frequently  attacked  by  this  pest,  although  the  attack  is 
usually  quickly  discovered  on  accoxmt  of  the  pain  caused  by  the 
insertion  of  the  beak.  During  severe  outbreaks  men  engaged  in  field 
work  are  often  greatly  annoyed  by  the  flies,  which  not  only  attack 
exposed  portions  of  the  body  but  are  able  to  bite  through  shirts  or 
other  comparatively  thin  garments  as  well.  The  flies  also  frequently 
attack  the  ankles  of  people,  especially  when  low  shoes  are  worn. 
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CHAEACTEK  OF  IirJTJKT  Aim  LOSSES. 

As  has  been  indicated,  this  fly  is  of  importajice  in  a  number  of  ways. 
There  is  little  doubt  that  it  is  a  potent  factor  in  disease  transmission, 
although  it  has  been  definitely  proven  to  carry  only  a  few  diseases. 
Among  live  stock  there  is  no  doubt  that  the  tropical  disease  of  camels, 
horses,  and  cattle  known  as  surra  is  transmitted  by  this  insect.  This 
disease  fortunately  does  not  occur  in  this  coimtry,  but  unless  great 
care  is  exercised  in  importing  stock  it  may  be  introduced  at  any  time. 
Another  related  disease  of  cattle,  horses,  and  sheep,  known  as  souma, 
and  still  another  malady  of  hogs  and  cats  are  carried,  at  least  in  part, 
by  this  same  insect.  In  this  country  anthrax  in  domestic  animals 
and  man  is  also  probably  disseminated  to  some  extent  by  this  fly. 
Some  investigators  also  consider  it  to  be  an  agent  in  transmission  of 
septicemia  in  man  and  glanders  in  horses  and  other  animals,  and  the 
disease  known  as  infectious  aenemia  or  swamp  fever  of  horses  is 
thought  by  some  to  be  carried  by  this  pest.  A  number  of  years  ago 
it  was  f oimd  to  act  as  an  intermediate  host  for  a  species  of  roundworm 
which  infests  cattle.  Thus  it  will  be  seen  that  the  transmission  of  a  for- 
midable array  of  diseases  is  chargeable  to  this  one  species  of  biting  fly. 

Aside  from  its  importance  as  a  disease  conveyor  this  insect  is  of 
much  importance  on  account  of  the  worry  produced  by  its  bites. 
During  severe  outbreaks  this  is  probably  the  most  important  factor 
in  bringing  about  losses.  During  periods  of  great  abimdance  all  live 
stock  are  compelled  to  keep  up  a  constant  fight  against  flies  from 
early  morning  until  dark.  At  such  times  the  flies  are  not  only  present 
around  bams  but  in  towns  and  cities  and  open  fields.  Animals 
which  are  being  worked  in  the  streets  or  kept  in  stables  suffer  alike. 
During  the  severe  outbreak  which  occurred  in  1912  many  horses  and 
cattle  became  so  weak  that  they  gave  up  the  fight  against  the  pest 
and  the  flies  swarmed  over  them  in  countless  nimibers.  In  a  few  of 
these  cases,  where  the  animals  were  not  promptly  protected  from 
attack,  they  succumbed  in  a  short  time.  The  loss  of  blood  during 
severe  outbreaks  is  a  very  important  consideration.  When  fully 
engorged  the  abdomen  of  the  fly  is  greatly  distended,  and  it  has  been 
found  that  the  blood  extracted  at  one  feeding  is  soon  digested  and 
.the  fly  is  ready  for  another  meal.  Thus  animals  continually  exposed 
must  serve  to  engoi^e  thousands  of  individuals  each  day,  each  of  the 
flies  ingesting  several  drops  of  blood  during  a  meal. 

In  the  portion  of  the  United  States  where  Texas  fever  occurs,  in 
addition  to  the  live  stock  actually  killed  by  worriment  and  loss  of 
blood,  a  considerable  number  of  cattle  are  lost  from  Texas  fever.  In 
most  of  these  animals,  although  the  disease  organisms  are  latent  in 
the  blood,  no  apparent  injury  would  result  under  conditions  favorable 
to  live  stock.  Under  the  strain  of  continually  fighting  the  flies  and 
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with  the  weakened  condition  brought  about  by  the  loss  of  blood, 
however,  an  acute  form  of  Texas  fever  is  induced.  When  animals 
begin  to  suffer  from  the  fever  they  are  less  energetic  in  fighting  the 
flies  and  consequently  become  the  more  ready  victims.  During  the 
outbreak  in  1912  acute  Texas  fever  was  certainly  produced  as  a  result 
of  fly  attack.  Owing  to  the  continual  biting  of  the  insect  the  fever 
» could  not  be  reduced  in  many  cases  and  the  animals  speedily  died. 

During  severe  outbreaks  the  loss  brought  about  by  the  reduction 
of  the  milk  supply  in  fly-infested  zones  is  an  important  item.  In  the 
1912  outbreak  many  dairymen  found  that  their  output  of  milk  was 
reduced  from  40  to  60  per  cent,  and  that  in  some  cases  cows  were 
completely  dried  up.  For  several  months  after  the  pest  had  abated, 
the  effects  of  the  outbreak  were  apparent  in  the  reduced  milk  produc- 
tion. Even  in  cows  which  freshened  several  months  after  the  pest 
had  abated,  the  effect  on  milk  yield  was  said  to  be  still  apparent. 

During  1912  all  animals  in  the  fly  zone  were  greatly  reduced  in 
flesh.  Cattle  which  were  fat  enough  for  market  in  many  cases  were  so 
much  reduced  that  they  could  not  be  sold.  Horses  and  mules  in 
many  cases  lost  from  10  to  15  per  cent  in  weight  dining  the  outbreak. 
Some  dairy  herds  which  were  usually  shown  at  the  State  fair  suffered 
such  marked  injury  that  they  were  not  fit  for  exhibit. 

In  many  cases  the  joints  of  both  horses  and  cattle  became  so  swollen 
and  stiff,  from  standing  in  water  where  they  sought  protection  from, 
flies,  that  they  could  scarcely  walk.  The  incessant  stamping  of  the 
animals  also  had  the  effect  of  injuring  the  feet  and  joints.  A  number 
of  liverymen  found  it  necessary  to  discontinue  making  drives  into 
the  country,  and  some  of  their  animals  were  completely  disabled  for 
regular  work. 

Another  source  of  loss  to  farmers  was  their  inability  to  proceed 
with  their  usual  farm  plowing  and  other  operations  at  the  proper  time. 
In  many  sections  the  flies  were  so  bad  on  the  horses  that  they  could 
not  stand  both  the  work  and  flies.  Some  men  resorted  to  night  work 
as  a  means  of  escaping  the  attack,  but  this  ^yas  too  severe  for  the 
teams,  as  the  flies  allowed  them  no  rest  during  the  day.  Numerous 
instances  of  horses  becoming  frantic  from  irritation  were  recorded; 
these  often  resulted  in  runaways  and  consequent  destruction.  Ani- 
mals which  were  not  being  worked  sometimes  received  injuries  from 
running  into  barbed  wire  fences  in  endeavoring  to  escape  the  flies. 

The  total  loss  due  to  the  outbreak  in  1912  is  diflScult  to  estimate. 
It  is  believed  that  in  northern  Texas  over  300  head  of  cattle,  mules, 
and  horses  were  killed  directly  or  indirectly  as  the  result  of  the  fly 
attack.  This  actual  death  loss  may  be  conservatively  placed  at 
$15,000.  The  loss  due  to  the  reduction  in  milk  supply  may  reason- 
ably be  placed  at  $10,000,  and  other  losses  far  surpass  fliese  two 
items.    Moreover,  these  were  the  losses  experienced  only  in  the  few 

540 


Digitized  by 


Google 


THE  STABLE  FLY.  11 

counties  in  northern  Texas  where  the  fly  was  most  abundant  and  does 
not  include  the  more  or  less  serious  injury  sustained  in  practically  all 
parts  of  the  United  States, 

ACTIOH  OF  AimCALS  ATTACKED. 

All  ammals  are  usually  greatly  annoyed  by  the  attack  of  this  fly. 
Less  nervous  individuals  sometimes  permit  the  flies  to  feed  without 
particular  effort  to  drive  them  away,  while  others  of  more  nervous 
temperament  are  driven  almost  frantic  by  the  attack.  In  general, 
mules  seem  to  be  worried  rather  more  than  horses,  and  most  cattle 
are  less  irritated  than  either  mules  or  horses.  Sheep  and  goats  are 
much  annoyed  by  the  presence  of  the  insect,  but  because  they  are 
largely  protected  by  the  wool  they  are  able  to  keep  the  flies  off  their 
legs  by  frequently  moving  them.  A  great  difference  in  the  degree  of 
annoyance  produced  among  dogs  has  been  noticed.  Some  individuals 
are  greatly  irritated  by  the  presence  of  a  single  fly  and  frequently 
change  their  positions,  going  from  one  place  to  another  to  seek  pro- 
tection. Horses  and  mules  that  are  being  driven  sometimes  pay 
little  attention  to  flies,  while  in  other  cases  they  may  lie  down  and 
roll  or  even  run  away  in  their  frantic  efforts  to  escape.  During  times 
of  unusual  fly  abundance  animals,  when  free  in  pastures,  frequently 
bunch  up  on  knolls  where  they  are  exposed  to  the  wind  and  appar- 
ently secure  some  protection  by  contact  and  concerted  fighting. 
When  streams  or  pools  of  water  are  accessible  both  horses  and  cattle, 
particularly  the  latter,  take  to  them  for  protection.  Cows  often  lie 
down  in  the  water  so  as  to  be  almost  completely  covered,  and  the 
coating  of  mud  obtained  in  such  situations  offers  some  protection  from 
fly  attack.  Stock  often  temporarily  rid  themselves  of  most  of  their 
annoyers  by  running  through  trees  and  brush.  If  permitted  to  reach 
stables  or  bams,  the  animals  usually  crowd  within  and  remain  inside 
throughout  the  day.  During  the  severe  outbreak  in  1912  it  was 
almost  impossible  to  get  some  animals  to  leave  the  stables  and  go 
into  pastures,  even  after  nightfall,  on  account  of  their  fear  of  the  flies. 
Although  the  bunchiag  of  the  horses  in  the  stable  affords  some  pro- 
tection, yet  this  by  no  means  exempts  them  from  fly  injury,  as  the 
pest  is  often  as  bad  within  such  places  as  without.  Sheep  and  hogs 
exhibit  similar  habits  in  endeavoring  to  secure  protection;  they  often 
lie  in  dose  groups  in  shady  places  and  keep  their  heads  and  legs  pio- 
tected  by  placing  them  against  or  beneath  one  another.  When  mud- 
holes  are  accessible,  hogs  largely  escape  the  flies  by  lying  in  the  water 
and  becoming  covered  with  mud. 

It  is  possible  to  determine,  even  at  considerable  distances,  by 
watching  the  actions  of  the  animals,  whether  the  stable  fly  or  horn 
fly  is  bothering  cattle.    When  the  stable  fly  is  present  the  continual 
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12  THE   STABLE  FLY. 

stamping  of  the  feet  and  striking  at  the  legs  with  the  head  and  tail 
indicate  the  point  of  attack,  while  when  the  horn  fly  is  present  the 
animals  pay  particular  attention  to  the  back  and  sides.  The  bite  of 
the  stable  fly  is  evidently  much  more  severe  than  that  of  the  horn 
fly,  as  it  causes  very  great  annoyance  even  when  the  flies  are  present 
in  much  fewer  numbers. 

STJMMAET  OF  LIFE  HISTOKT. 

Like  ail  other  flies,  this  species  has  four  stages  in  its  life  history, 

namely,  the  egg,  larva,  pupa,  and  adult. 
The  egg. — ^The  eggs  of  this  fly  are  elongate  ovoid  and  of  a  creamy 

white  color.    They  are  about  one  twenty-fifth  of  an  inch  in  length 

and  under  a  mag- 
nifying glass  show 
a  distinct  furrow 
along  one  side. 
When  placed  on 
any  moist  sub- 
stance they  hatch 
in  from  one  to 
three  days  after 
being  deposited. 
In  hatching  a 
small  slit  is  made 
around  one  end  of 
the  groove,  and 
the  minute  mag- 
got crawls  out. 
Figure  1  shows 
four  eggs  on  a 
piece  of  straw;  the 

Fio.  1.— Eggs  of  the  stable  fly  (Stomczys  calcUrans)  attached  to  a  straw.     4-wq    of     f  J^g    rif ht 
Greatly  enlarged.    (Oiiglnal).  ,  -  11 

have  hatched. 
The  larva,  or  maggot. — When  first  hatched  the  larvae,  or  maggots, 
are  about  one-twdfth  of  an  inch  in  length  and,  being  translucent, 
are  not  easily  seen  with  the  naked  eye.  Development  takes  place 
fairly  rapidly  when  the  proper  food  conditions  are  available,  and 
the  growth  is  completed  within  eleven  to  thirty  or  more  days.  When 
full  grown  the  larvae  (fig.  2)  are  pale  yellow  or  nearly  white  and 
about  four-fifths  of  an  inch  in  length.  They  have  the  typical  shape 
and  action  of  most  maggots  of  this  group  of  flies.  The  hind  end  is 
large  and  the  body  tapers  to  the  head.  The  larva  moves  quite  rap- 
idly by  means  of  minute  projections  on  the  edge  of  each  segment 
along  its  underside.  When  exposed  to  the  light  it  quickly  dis- 
appears again  in  the  straw  or  other  matter  in  which  it  is  breeding. 
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The  pupa. — ^When    the  larvro   are  full  grown  they  shorten  and 
become  thicker,  and  the  skin  contracts  and  hardens  to  form  the  case 
in  which  the  transformation  to  the  adult  is  to  take  place.    This 
puparium,  or  pupal  case,  is  rather  soft  and  yellowish  at  first  but  soon 
becomes  harder  and  changes  to  a  reddish  brown  color. 
It  is  elongate  oval,  slightly  thicker  toward  the  head 
end,  and  from  one-sixth  to  one-fourth  of  an  inch  in 
length  (fig.  3).     During  this  stage  the  insect  is  com- 
pletely dormant,  the  transformation  from  maggot  to 
adult  fly  going  on  within  the  puparium.    This  rest- 
ing stage  requires  from  six  to  twenty  days,  or  in  cool 
weather  considerably  longer. 

The  adult. — When  the  fly  has  completed  its  de- 
velopment within  the  puparium  it  pushes  its  head 
against  the  end  until  the  shell  splits  open.  It  then 
crawls  out  as  an  adult  fly  but  so  different  from  the 
fly  ordinarily  seen  that  one  would  scarcely  recognize 
it.  The  color  is  pale  and  the  head  considerably  pro- 
duced in  front  between  the  eyes.     At  this  time  the 

wings  are  only  small,  wrin- 
kled sacs.    In  a  few  jtninutes 
air  is  forced  into  the  wings, 
and  they  slowly  unfold,  the 
fly  becomes  gradually  darker 
in  color,  and  its  body  becomes 
harder.     Up  to  this  time  the 
beak  is  not  visible,  as  it  is  bent 
downward  between  the  legs. 
It  soon  becomes  almost  black 
and  is  brought  forward  in  its  ^°,,^^V^! 
natural  position  so  that  the     got.  Greatly  ea- 
tip  may  be  seen  from  above.     '"'^*^-  ^'"''^^'^ 
When  completely  dried  out  the  adults  show 
four  rather  distinct,  dark,  longitudiaal  mark- 
ings on  the  thorax,  as  well  as  several  dark 
spots  on  the  abdomen.    The  male  is  usually 
slightly  smaller  than  the  female,  the  body 
of  which  measures  from  one-fourth  to  five- 
Fio.  3.-The  stable  fly:  Pupa,    sixteenths of  an  inch  in  length.    The  adult,  as 
reatiyeniarg   .      riginai.)       sceufromabove,  is  showninfigure4,and  a  sidc 
view  of  a  female  specimen  engorged  with  blood  is  shown  in  figure  5. 
This  insect  is  closely  related  to  the  house  fly,  as  can  be  readily  seen 
by  its  close  resemblance  to  that  insect.     It  may  be  distinguished 
from  the  house  fly,  however,  by  the  long,  sharp,  biting  mouth  parts, 
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14  THE  STABLE  FLY. 

a  portion  of  which  may  be  seen  projecting  forward  from  beneath  the 
head.  The  proboscis  of  the  house  fly  is  short  and  broad  and  not 
capable  of  piercing.  The  stable  fly  is  usually  slightly  stouter  than 
the  house  fly,  and  the  spots  on  the  abdomen  also  aid  in  distinguish- 
ing it  from  that  species. 

The  horn  fly  is  also  related  to  this  species  but  is  of  much  smaller 
size,  and  the  color  is  considerably  different.     When  on  a  host  these 


FiQ.  4.— The  stable  fly:  Adult  female  as  seen  from  above.    Greatly  enlarged.    (Original.) 

flies  may  be  readily  differentiated  by  the  attitudes  they  assume. 
The  stable  fly  usually  attacks  the  lower  portions  of  the  l^s  of  its 
host  and  nearly  always  sits  with  the  head  up.  The  horn  fly  is  more 
inclined  to  feed  on  the  back  and  sides  of  the  animal  and  always  feeds 
with  the  head  downward,  while  the  house  fly  may  be  seen  sitting  in 
any  position  but  never  with  its  head  pressed  into  the  hair  as  though 
feeding. 
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DEVELOPMENT  AHD  HABITS. 

BBEEDINQ  PLACES. 

Horse  manure  has  long  been  considered  the  normal  breeding 
medium  for  this  pest.  Invest^ations  made  during  the  outbreak  in 
1912  showed  clearly,  however,  that  the  vast  majority  of  the  flies  bred 
out  in  straw  stacks,  and  investigations  made  around  stables  and 
bams  indicate  that  while  the  fly  breeds  in  pure  horse  manure  it 
favors  a  mixture  of  this  substance  with  straw.  The  fly  was  found 
to  be  breeding  in  much  greater  abundance  in  oat  straw  than  in  wheat 
straw.  This  appeared  to  be  due  to  the  softer  stems  and  the  greater 
amount  of  leaves  in  the  oat  straw,  which  furnished  better  food  and 
allowed  the  stacks  to  become  more  compact.  Rice  straw  was  also 
found  to  furnish  suitable  breeding  conditions,  and  there  is  little  doubt 
that  barley  and  rye  also  often  serve  as  food  for  the  immature  stages. 


flo.  5.— Tho  stable  fly:    Aduit  female,  side  view,  engorged  with  blood.    Greatly  enlarged.    (OriginaL) 

As  has  been  stated,  it  was  found  by  Prof.  Iches  to  breed  in  great 
numbers  in  the  d6bris  left  after  thrashing  flax.  A  careful  exami- 
nation of  portions  of  alfalfa  stacks  which  were  moist  and  readily 
accessible  to  numbers  of  flies  showed  that  they  were  not  infested. 
This  was  also  found  to  be  true  of  accumulations  of  weeds  and 
bunches  of  grass  in  open  fields.  It  is  probable,  however,  that  the 
insect  may  occasionally  breed  in  broken-up  masses  of  hay  or  dead 
grass,  especially  when  they  are  permeated  with  liquids  from  manure. 
The  manure  piles  commonly  found  by  stables  where  horses  are  kept 
furnish  suitable  breeding  conditions.  This  is  especially  true  in  the 
early  spring,  when  the  warmth  of  the  manure  appears  to  be  very 
attractive  to  the  flies  for  egg  laying.  Cow-lot  manure  which  has  be- 
come broken  up,  especially  when  mixed  with  waste  feed,  is  also  utilized 
as  a  breeding  place  for  the  insect.     This  has  also  been  found  to  be  true 
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16  THE   STABLE   FLY. 

of  ensilage,  particularly  when  mixed  with  straw,  as  is  often  the  case 
when  the  bottom  of  a  silo  is  cleaned  out.  Experimentally,  a  few 
specimens  have  been  reared  from  pure  cow  manure,  but  this  substance 
seems  to  be  unattractive  to  the  adult  and  not  favorable  for  the  breed- 
ing of  the  larvsB  on  account  of  its  very  compact  texture.  A  Russian 
investigator,  Prof.  Portchinski,  has  made  the  statement  that  the  larvae 
have  been  found  in  the  leaves  of  growing  plants.  This,  however,  must 
be  a  very  rare  occurrence.  This  species  has  never  been  found  breeding 
in  human  excrement  and  does  not  frequent  malodorous  places,  which 
are  so  attractive  to  the  house  fly.  Hence  it  is  much  less  likely  to 
carry  typhoid  and  other  germs  which  may  be  found  in  such  places. 

The  development  of  this  insect  is  somewhat  slower  than  that  of  the 
house  fly,  and  it  is  therefore  more  essential,  in  order  that  it  may  breed 
out  successfully,  that  the  eggs  be  deposited  in  rather  large  accumu- 
lations of  material.  The  larv»  are  very  sensitive  to  drought  and 
soon  succumb  if  the  material  in  which  they  are  breeding  is  not  kept 
rather  moist. 

HABITS  OF  THE  ADULT. 

Both  the  male  and  female  of  this  species  feed  on  the  blood  of  ani- 
mals. They  appear  to  discover  their  host  mainly  by  sight  and 
usually,  especially  on  cattle,  pass  quickly  to  the  lower  portion  of  the 
1^  (fig.  6),  particularly  on  the  outside,  where  the  hair  is  somewhat 
shorter  than  on  other  parts  of  the  animal  and  where  they  are  less 
likely  to  be  struck  by  the  tail  of  the  host.  When  the  flies  are  very 
abundant  their  attack  is  by  no  means  confined  to  the  legs,  as  both 
cattle  and  horses  have  been  seen  practicaUy  covered  with  flies  on  all 
parts  of  the  body.  They  seldom  remain  on  the  host  long  without 
inserting  the  beak.  Before  blood  is  extracted  they  are  easily  dis- 
turbed and  often  move  about  several  times  before  settling  down  for 
final  engorgement.  After  the  beak  is  well  inserted  and  the  blood 
begins  to  flow  they  usuaUy  become  engorged  in  from  two  to  five  min- 
utes. During  feeding  the  abdomen  becomes  greatly  distended  (see 
fig.  6)  and  often  of  a  distinctly  reddish  color.  When  the  appetite  of 
the  fly  has  been  satisfied  it  withdraws  its  beak  and  flies  rather  slug- 
gishly to  some  near-by  object,  where  it  rests  while  digesting  its  meaL 
Dining  this  process  numerous  drops  of  clear  liquid  excrement  are 
voided.  This  also  takes  place  while  the  fly  is  feeding.  The  inser- 
tion of  the  beak  is  accompanied  by  a  rather  severe,  sharp  pain. 
This  accounts  for  much  of  the  worriment  caused  to  the  host  by  this 
species.  After  blood  extraction  has  begun  little  or  no  pain  is  felt. 
When  the  proboscis  is  withdrawn  a  drop  of  blood  usually  exudes  from 
the  wound.  Numerous  small  flies  have  been  seen  to  frequent  the 
blood  which  exudes  in  this  way,  and  it  is  not  improbable  that  the 
screw-worm  fly  may  deposit  its  eggs  on  these  spots  and  thus  cause 
infestation  of  the  host  with  these  maggots. 
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THE  STABLE  FLY.  17 

During  warm  weather  the  blood  is  digested  rapidly  and  the  flies 
may  feed  again  the  same  day.  When  the  weather  is  cooler  they 
usually  require  about  a  day  for  the  d^estion  of  the  blood.  After 
partaking  of  a  meal  the  flies,  during  hot  weather,  ordinarily  alight  on 
the  walls  of  buildings  or  on  foliage  of  plants  in  shady  situations. 
When  the  temperature  is  lower  they  remain  in  the  sunlight,  but  in 
all  cases  they  tend  to 
avoid  strong  wind. 

Adults  frequently 
follow  for  considerable 
distances  teams  trav- 
ersing roads  and,  when 
engorged,  settle  on 
near-byobjects.  Other 
teams  which  pass  along 
the  same  highways  are 
thus  frequently  at- 
tacked by  flies  which 
have  completed  the  di- 
gestion of  their  previ- 
ous meal,  and  this  has 
given  rise  to  the  idea 
that  the  flies  are  breed- 
ing in  weeds,  grass, 
and  hedges  along  the 
highways.  This  is  also 
a  means  by  which  the 
flies  invade  territory 
beyond  that  in  which 
they  develop.  Adults 
have  also  been  ob- 
served to  travel  many 
miles  in  the  passenger 
coaches    of   railways. 

Few     individuals     are      ^^^*  ®*~^'®8S  of  a  steer  attacked  by  the  stable  fly.    (Author's 
.     ,  .       ,  .  ,  illustration.) 

earned  m  this  way,  but 

doubtless  the  spread  of  the  species  is  aided  and,  what  is  more  impor- 
tant, diseases  might  be  spread  in  this  way  by  mfected  flies. 

Feeding  may  take  place  a  number  of  times.  Experimentally, 
individual  flies  have  been  induced  to  engorge  as  many  as  14  times. 
Flies  have  been  observed  to  partake  of  water  and  to  feed  to  some 
extent  on  succulent  fruit.  They  commonly  feed  on  the  moisture  on 
fresh  manure  and  on  rotting  straw.  Although  man  is  occasionally 
bitten  by  these  flies,  horses  and  cattle  seem  to  be  preferred  as  hosts. 
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18  THE  STABLE  PLY. 

KSFBODUCnOK. 

Mating  of  the  flies  takes  place  while  they  are  not  on  hosts,  and  egg 
laying  soon  follows,  provided  the  flies  have  fed  a  sufficient  number 
of  times.  It  seems  that  at  least  three  feedings  on  blood  are  necessary 
for  the  production  of  eggs.  After  the  third  meal  is  digested  the  flies 
seek  suitable  places  for  deposition.  When  the  weather  is  cool  addi- 
tional feedings  are  often  necessary  before  eggs  are  produced.  The 
adults  appear  to  have  a  keen  sense  of  smell  and  are  able  to  detect 
moist  straw  and  suitable  manure  very  quickly.  This  is  especially 
noticeable  when  a  straw  stack  which  is  dry  on  the  outside  is  opened 
up  so  as  to  expose  the  moist  and  rotting  interior. 

Very  soon  after  a  stack  is  opened  flies  are  seen  to  come  to  the  moist 
straw  in  numbers  and  begin  depositing  eggs.  They  usually  cra^ 
into  the  loose  straw,  sometimes  going  to  a  depth  of  several  inches. 
When  laying  eggs  the  fly  greatly  extends  the  ovipositor  and  uses  it  as 
an  organ  of  touch  in  locating  a  suitable  spot  in  which  to  deposit.  The 
eggs  are  laid  in  irr^ular  masses,  although  occasionally  single  ones  are 
deposited.  The  female  usually  moves  several  times  diudng  deposi- 
tion so  that  each  mass  contains  from  a  few  to  as  many  as  25  or  more 
eggs.  The  greatest  number  of  eggs  which  has  been  observed  to  be 
deposited  before  another  meal  of  blood  is  taken  is  122.  After  all  of 
the  eggs  have  been  deposited  the  female  again  seeks  a  host,  and  this 
feeding  is  again  followed  by  deposition.  Three  of  such  depositions 
commonly  take  place  in  this  species.  It  is  sometimes  necessary, 
^especially  during  cool  weather,  for  a  fly  to  become  engorged  twice 
before  each  deposition  following  the  first.  The  greatest  number  of 
eggs  which  has  been  seen  to  be  deposited  by  a  single  female  dining 
her  life  is  278. 

LENGTH  OF  IIFB  OF  THE  ADULT. 

A  considerable  number  of  experiments  have  been  made  to  determine 
the  length  of  life  of  the  adult  fly.  A  knowledge  of  the  longevity  of  the 
adult  is  important  in  order  that  its  possibilities  as  a  pest  may  be 
determined  and  that  we  may  ascertain  whether  the  species  may  act 
as  a  true  host  of  disease  organisms;  that  is,  whether  disease  germs 
can  multiply  within  the  fly  before  being  capable  of  producing  the 
disease  in  a  higher  animal.  Individuals  kept  in  small  tubes  without 
food  or  water  during  hot  weather  died  within  two  days.  When  water 
and  sugar  sirup  were  supplied  to  flies,  in  a  screen  cage  about  1  foot 
square,  one  specimen  out  of  a  large  niunber  of  males  and  females  lived 
for  23  days.  Individuals  which  had  access  to  blood  at  frequent  inter- 
vals lived  17  days,  and  a  few  specimens,  among  a  considerable  nimiber 
which  were  kept  in  large  cages  with  cattle  and  suitable  material  in 
which  to  deposit  eggs,  lived  for  29  days.  When  flies  had  been  sup- 
plied with  fruit  and  moist  straw,  but  had  not  had  access  to  host 
animals,  they  frequently  lived  for  10  days. 

540 


Digitized  by 


Google 


THE  STABLE  PLY.  19 

THE  LABVA  AND  ITS  HABITS. 

The  larvae  begin  feeding  as  soon  as  they  hatch  from  the  eggs  and 
continue  to  do  so  throughout  their  growth.  Portions  of  moist  straw 
or  other  material  in  which  they  are  breeding  are  torn  off  by  their 
mandibles,  which  are  located  on  the  narrow  or  head  end  of  the  mag- 
got. When  very  small  they  frequently  penetrate  between  the  layers 
of  the  stalk  or  leaves  of  grain  when  moistened  in  the  straw  stack. 
When  larger  they  frequently  feed  within  the  straws,  and  transforma- 
tion to  the  resting  state  sometimes  takes  place  in  this  protected  situa- 
tion. 

The  duration  of  the  larval  stage  has  been  foimd  to  vary  from  11  to 
30  days.  Diudng  very  cold  weather  this  stage  is  probably  consid- 
erably longer  than  one  month.  The  character  and  abundance  of 
food  as  well  as  the  amoimt  of  moisture  present  have  an  important 
influence  on  the  development  of  the  maggots.  The  larvsB  follow  the 
inoistiu*e  inward  as  the  material  in  which  they  are  breeding  becomes 
dry  on  the  siuiace.  Pupation  occius  anywhere  in  the  breeding  mate- 
rial; however,  it  frequently  happens  that  the  larv»,  when  breeding 
in  small  masses  of  straw  or  manure,  work  downward  as  the  material 
dries  and  pupate  at  the  surface  of  the  soil. 

UFB  CYCLE. 

It  has  been  found  that  the  complete  development  from  the  depo- 
sition of  the  egg  to  the  emergence  of  the  adult  fly  may  be  completed 
in  19  days.  On  the  average  the  period  is  somewhat  longer  than  this, 
generally  ranging  from  21  to  25  days  where  conditions  are  very  favor- 
able. The  longest  period  observed  for  complete  development  was  43 
days,  although  it  is  certain  that  in  the  late  fall  and  dining  the  winter 
months  a  much  longer  period  is  often  necessary.  The  finding  of  full- 
grown  larv»  and  pupae  in  straw  during  the  latter  part  of  March,  1913, 
in  northern  Texas  shows  that  development  may  require  about  three 
months,  as  these  stages  almost  certainly  developed  from  eggs  depos- 
ited the  previous  December. 

SEASONAL  HISTOBT. 

The  stable  fly  is  particidarly  abimdant  and  injurious  in  the  late 
summer  and  fall.  This  is  especially  true  in  the  Northern  States, 
where  development  begins  later  in  the  spring.  Mr.  C.  T.  Brues  states 
that  the  flies  first  appear  in  noticeable  numbers  about  June  1,  in  the 
vicinity  of  Boston,  Mass.  The  fly  has  been  observed  to  be  sufficiently 
numerous  to  annoy  cattle  considerably  at  Dallas,  Tex.,  as  early  as 
March  1,  and  in  the  western  part  of  Texas  it  has  been  observed  feeding 
on  live  stock  in  considerable  numbers  early  in  May.  At  Batesburg, 
S.  C,  Mr.  E.  A.  McGregor  found  the  adults  to  be  commonly  attacking 
live  stock  about  the  middle  of  March  in  1913.  In  the  extreme  south- 
em  part  of  the  United  States,  however,  there  is  no  month  during  the 
year  in  which  ffies  are  not  annoying  to  horses  and  cattle. 
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20  THE  STABLE  FLY. 

The  number  of  generations  of  this  insect  annually  has  not  been 
determined,  but  it  is  estimated  that  seven  broods  may  readily  develop 
in  one  year  in  the  Southern  States.  In  the  Northern  States  probably 
five  broods  is  about  the  usual  number. 

HIBEBNATIOK. 

In  the  southern  part  of  the  United  States  there  is  no  true  hiber- 
nation of  this  insect.  The  adults  have  been  foxmd  to  emei^e  at 
various  times  throughout  the  winter,  and  during  warm  periods  at 
Dallas,  Tex.,  they  have  been  observed  to  feed  on  animals.  Mr.  W. 
V.  King  reports  that  considerable  numbers  of  adidts  were  present 
throughout  the  winter  of  1912-13  at  New  Orleans,  La.  In  fact,  they 
appeared  to  be  even  more  numerous  in  midwinter  than  during  the 
previous  fall.  At  Victoria,  Tex.,  Mr.  J.  D.  Mitchell  foimd  them  to 
annoy  stock  throughout  the  winter.  Although  no  egg  laying  ap- 
peared to  take  place  during  the  winter  of  1912-13  at  Dallas,  Tex., 
it  may  sometimes  occur  at  that  latitude  and  probably  occurs  through- 
out the  winter  in  the  extreme  southern  part  of  the  United  States. 
It  would  seem  that  most  of  the  individuals  which  pass  the  winter 
successfully  hatch  from  the  e^s  laid  in  the  fall  and  continue  develop- 
ment slowly  during  winter,  emerging  in  early  spring  when  conditions 
are  favorable  for  further  reproduction.  Examinations  of  straw 
stacks  in  northern  Texas,  made  during  the  latter  part  of  March,  1913, 
showed  a  few  full-grown  larvse  and  large  numbers  of  puparia.  These 
almost  certainly  developed  from  e^s  deposited  the  previous  Decem- 
ber. In  the  northern  part  of  the  United  States  it  is  doubtful  if  many 
flies  emerge  during  the  winter  months,  the  winter  being  normally 
passed  in  the  larval  and  pupal  stages.  Near  Boston,  Mass.,  Mr. 
C.  T.  Brues  observed  adults  to  be  active  in  heated  stables  in  the  dead 
of  winter.  These  individuals  probably  bred  out  in  refuse  within  the 
warm  barns  and  were  not  hibernating  adults.  In  1913,  at  Clarksville, 
Tenn.,  Mr.  D.  C.  Parman  found  that  the  adults  began  emerging  about 
March  30. 

AGEICXTLTTJEAL    PEACTICES    IV    EELATIOH    TO   FIT 
ABXJlfDAirCE. 

A  number  of  agricultural  practices  which  are  commonly  in  vogue 
in  the  United  States  are  calculated  to  favor  greatly  the  development 
of  this  species.  As  has  been  stated,  this  species  breeds  most  com- 
monly in  straw  and  horse  manure  or  a  mixture  of  these  two  sub- 
stances. The  usual  custom  of  allowing  the  manure  from  the  horse 
stable  to  accumulate  just  outside  of  the  stable  doors  absolutely 
insures  the  presence  of  a  considerable  number  of  stable  flies  at  all 
times  when  climatic  conditions  are  suitable  for  breeding.  Allowing 
barnyards,  especially  around  dairies,  to  become  knee-deep  in  manure 
is  also  calculated  to  produce  flies  in  abimdance. 
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In  the  grain  belt  it  is  the  general  practice  for  farmers  to  thrash  the 
grain  in  the  fields  by  means  of  self-stacking  thrashing  machines. 
The  individual  stacks  cover  much  groxmd  and  the  straw  is  very  loosely 
piled.  In  many  cases  for  convenience  a  large  number  of  stacks  are 
formed  in  various  parts  of  a  field.  This  condition,  when  followed 
by  more  or  less  heavy  summer  and  fall  rains,  is  certain  to  produce 
great  numbers  of  flies.  In  fact,  this  is  precisely  the  condition  which 
occurred  in  1905  and  in  1912,  when  the  serious  outbreaks  of  the  fly 
occurred  in  Texas.  In  many  instances  straw  stacks  are  not  protected 
from  live  stock.  The  animals  soon  scatter  the  straw  about  and  by 
adding  manure  to  the  straw  still  further  favor  the  breeding  of  flies. 
Theae  straw  stacks  are  usually  allowed  to  remain  from  one  year  to 
the  next  without  any  attention  whatever.  When  the  succeeding 
crop  is  planted  the  area  occupied  by  the  stacks  is  simply  left  uncul- 
tivated. In  a  number  of  instances  50,000  square  feet  have  been 
foimd  occupied  by  a  single  stack,  and  in  many  cases  several  of  these 
stacks  occurred  in  a  field  of  60  or  more  acres.  A  railroad  official 
recently  computed  that  the  area  covered  by  wheat  stacks  in  Kansas 
alone  is  no  less  than  one-fourth  of  a  million  acres.  Such  stacks  are 
usually  allowed  to  remain  throughout  the  fall  and  winter  and  in  a 
few  cases  are  burned  the  following  spring.  More  frequently,  how- 
ever, they  are  left  from  year  to  year  and  the  new  straw  added  to  the 
old  stacks,  destruction  only  taking  place  when  the  stacks  become 
exceedingly  large.  It  will  be  seen  that  these  practices  not  only 
encourage  the  breeding  of  the  stable  fly,  but  when  the  straw  becomes 
sufficiently  rotten  and  compact  the  house  fly  as  well  breeds  in  it  in 
abxmdance.  Throughout  the  grain  belt  a  very  considerable  amoimt 
of  valuable  land  is  xmtiUed  and  the  full  manurial  value  of  the  straw 
is  lost.  Of  coiu^e  the  stacks  serve  some  purpose  as  shelter  and  food 
for  live  stock  kept  in  the  fields  during  winter.  In  fact,  this  is  the 
only  legitimate  reason  for  not  scattering  them  or  burning  them  in 
the  late  summer  or  fall. 

]f ATXJBAL  COVTBOL. 
CLDCATIC  EFFECT. 

The  adults  feed  when  the  temperature  is  very  high  and  the  sun 
bright  and  hot  as  well  as  during  cool  and  cloudy  weather.  They 
have  also  been  observed  to  attack  animals  during  drizzling  rain,  and 
when  somewhat  protected  by  sheds  and  stables  they  often  feed  during 
heavy  rain.  The  lowest  temperature  at  which  flies  have  been 
observed  to  partake  of  blood  was  55°  F.  When  the  temperature 
goes  below  60°  F.  their  desire  to  feed  is  less  marked.  Between  40° 
and  48°  F.  they  lose  their  ability  to  fly,  and  complete  inactivity  occurs 
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22  THE  STABLE  FLY. 

when  the  temperature  ranges  between  31**  and  45°  F.  This  range  of 
activity  is  due  to  variation  in  individual  flies,  to  the  rapidity  of  the 
decline  or  rise  in  temperature,  and  to  the  minimum  temperature 
experienced  by  the  individuals.  No  adults  appear  to  be  killed  when 
the  temperature  does  not  go  below  27°  F.,  and  some  at  least  are  able 
to  survive  temperatures  considerably  below  this  point.  All  of  the 
adults  at  Dallas,  Tex.,  seem  to  have  been  killed  when  the  temperature 
reached  8°  F.  As  has  been  stated,  the  flies  always  seek  shady  places 
during  hot  weather,  but  when  the  temperatures  are  low  they  delight  to 
dart  about  in  the  sun  in  a  manner  very  similar  to  that  of  the  house  fly. 

The  maggots,  or  larv»,  are  very  susceptible  to  drying.  This  is 
particularly  true  soon  after  they  are  hatched.  Excessive  moisture  is 
also  detrimental  to  their  development,  and  flooding  kills  them  in  a 
few  hours.  They  appear  to  be  able  to  endure  rather  high  tempera- 
tures when  abimdant  moisture  is  at  hand,  although  the  heat  produced 
in  manure  and  straw  stacks  is  often  sufficient  either  to  kill  them  or  to 
drive  them  outward.  No  doubt  the  generation  of  heat  within  the 
breeding  places  stimulates  the  development  of  the  immature  stages 
during  the  fall  and  winter  months.  Light  is  detrimental  to  the 
development  of  the  larv».  When  placed  in  bright  daylight,  even 
though  sheltered  from  the  sun,  larvsB  have  never  been  known  to 
complete  development.  These  facts  make  it  possible  successfully 
to  destroy  the  pest  in  this  stage  of  its  Ufe. 

The  pupsB  of  the  insect,  being  in  the  resting  stage,  are  much  less 
susceptible  to  all  climatic  extremes.  They  appear  to  be  able  to  with- 
stand low  temperatures  and  are  not  very  susceptible  to  heat  or  dry- 
ing, especially  after  development  of  the  fly  has  proceeded  for  some 
time. 

FBEDACEOTJS  ENEMIES. 

Hogs,  as  well  as  chickens  and  other  poultry,  are  capable  of  destroy- 
ing great  numbers  of  the  immature  stages  of  the  stable  fly.  They 
are  attracted  to  the  straw  stacks  and  manure  piles  partly  by  the  grain 
to  be  found,  but  incidentally  they  destroy  the  maggots  and  pup» 
which  they  find.  A  number  of  insects  are  also  important  destroyers 
of  these  stages.  Certain  beetles  devour  them  in  considerable  num- 
bers. The  adult  flies  fall  prey  to  numerous  enemies.  Among  the 
more  important  enemies  of  the  adults  are  the  large  robber  flies,  which 
may  be  seen  in  great  numbers  around  straw  stacks,  pouncing  upon 
flies  which  are  depositing  eggs  or  resting  upon  straw.  A  number  of 
wasps  capture  the  flies  that  are  attacking  stock  or  flying  about. 
When  filled  with  blood  the  adults  are  comparatively  sluggish  and 
much  more  easily  caught  by  these  enemies.  When  in  this  condition 
spiders  often  devour  numbers  of  them. 
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PARASITES. 

Two  species  of  small  wasplike  insects  have  been  found  to  breed 
within  the  pup»  of  the  stable  fly.  These  insects  deposit  theu*  eggs 
through  the  hard  puparium,  and  instead  of  an  adult  fly  the  little 
parasite  emerges.  In  some  cases,  where  the  immature  stages  of  the 
fly  were  concentrated  in  great  numbers,  as  high  as  40  per  cent  of  the 
pwped  were  found  to  be  destroyed  by  these  parasites.  At  least  one 
of  these  parasites,  known  scientifically  as  SpaJangia  rmLsddarium 
Richardson,  appears  to  have  a  wide  distribution  in  this  country. 
It  has  been  found  in  Massachusetts,  Washington,  D.  C,  southern 
Kansas,  southern  Louisiana,  and  a  number  of  points  in  northern  Texas. 

ABTIFICIAL  COVTBOL. 

As  is  the  case  with  most  insects,  the  destruction  of  the  stage  which 
is  actually  doing  the  injury  is  most  desired  by  those  concerned. 
With  this  species,  as  with  many  others,  this  is  very  difficult  of  accom- 
plishment, and  we  must  determine  some  more  easy  way  of  securing 
the  desired  end.  With  the  stable  fly  the  natural  point  of  attack  is 
found  in  the  immature  stages,  and  there  is  every  reason  to  beUeve 
that  by  properly  caring  for  substances  in  which  it  breeds  the  insect 
may  be  kept  well  under  control. 

FBOTBCnON  OF  LIVE  STOCK  FROM  ATTACK  OF  THE  STABLE  FLT. 

When  adult  flies  are  present  in  great  numbers  it  is  necessary  to 
devise  some  means  of  protection  against  them,  especially  since  we 
know  that  every  individual  is  capable  of  feeding  a  number  of  times 
before  it  dies.  During  the  recent  outbreak  in  Texas  many  different 
substances  were  tried  with  a  view  to  repelling  the  flies  from  Uve  stock. 
Most  of  the  materials  used  were  found  to  be  ineffective,  and  although 
some  gave  a  measure  of  protection  for  a  time,  none  had  a  lasting 
effect.  In  addition  to  the  temporary  value  of  th^e  substances,  in 
many  cases  injury  was  produced  by  their  application,  especially  if 
persisted  in  often  enough  to  keep  the  flies  away. 

Many  malodorous  mixtures,  particularly  of  an  oily  nature,  have 
some  value  as  repellents,  but  in  preparing  these  care  should  be  taken 
that  they  are  not  made  too  strong,  particularly  when  animals  are 
being  worked  in  the  hot  sun,  as  they  are  likely  to  cause  overheating 
and  often  produce  sheddmg  of  the  hair.  A  mixture  of  fish  oil  (1  gal- 
lon), oil  of  pine  tar  (2  ounces),  oil  of  pennyroyal  (2  ounces),  and 
kerosene  (i  pint)  was  foimd  to  be  very  effective  in  keeping  the  flies 
off  live  stock  when  applied  lightly,  but  thoroughly,  to  the  portions 
of  animals  not  covered  with  blankets  or  nets. 
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24  THE  STABLE  FLY. 

Work  animals  may  be  largely  protected  from  the  pest  by  means  of 
coverings.  One  type  which  was  found  very  eflFective  and  inexpensive 
during  the  recent  outbreak  in  Texas  consisted  of  a  blanket  made  of 
double  thickness  of  burlap  so  arranged  as  completely  to  cover  the 
back,  sides,  and  neck  of  the  animal  (fig.  7).  The  legs  are  then 
covered  by  means  of  old  trousers  slipped  on  over  the  feet  and  tied 
over  the  back.  Leather  nets  or  strips  of  leather  attached  to  the 
bridle  also  aid  in  keeping  the  flies  from  the  head.  The  ordinary 
flynet  has  been  found  to  be  of  little  value  as  it  only  tends  to  displace 
the  flies  temporarily  and  cause  them  to  settle  in  places  not  covered 
by  the  net. 


Fio.  7.— Horses  with  one  form  of  covering  u^ed  to  protect  them  lh>m  the  stable  fly.    (After  Felt.) 

Completely  darkened  stables  offer  much  protection  from  the  flies. 
The  lack  of  ventilation  resulting  from  such  an  arrangement  is  very 
objectionable,  however.  The  thorough  screening  of  all  windows 
and  doors  is,  therefore,  much  more  desirable.  When  screened 
bams  are  used  care  should  be  taken  to  brush  the  flies  from  the  ani- 
mals, when  they  are  about  to  enter,  by  means  of  nets  over  the  door- 
way, or  with  sacks.  Little  can  be  done  to  protect  range  stock  from 
the  flies.  On  hog  farms  a  freshly  plowed  trench  offers  considerable 
protection  to  the  swine.  The  sides  of  these  trenches  may  be  smeared 
with  petroleum  which  is  rubbed  off  on  the  animals  and  acts  as  a 
repellent.  The  trench  may  be  used  also  for  protecting  sheep;  but 
the  petroleum  in  their  case  is  unnecessary. 
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TBAPPING  THE  FLIES. 

It  is  impossible  successfully  to  capture  adult  flies  by  means  of  the 
traps  ordinarily  used  for  the  house  fly.     However,  a  trap  has  been 
designed  by  Prof.  C.  F.  Hodge  which  may  be  utilized  in  capturing 
adults  as  they  enter  or  leave  bams.     This  trap  is  undoubtedly  very 
eflFective  under  certain  conditions  and  has  the  advantage  of  catching 
not  only  the  stable  fly  but  the  house  fly  and  other  obnoxious  species. 
In  order  to  employ  the  trap  for  the  stable  fly  it  should  be  built  in 
a  frame  so   as   to   fit 
closely  in    a   window, 
preferably    on    the 
brightest   side    of   the 
bam  and  close  to  the 
cows  or  horses  which 
are  kept  within.    Other 
windows    should    be 
darkened   by  hanging 
gunny  sacks  over  them. 
This  may  be  done  so  as 
not   to   interfere  with 
ventilation,  and  by  flap- 
ping in  the  wind  and 
darkening,  both  drive 
and  cause  the  flies  to 
be  attracted  to  the 
light  trap-window. 

Prof.  Hodge  has  very 
kindly  permitted  the 
use  of  some  of  his  illus- 
trations of  this  trap 
(figs.  8,  9,  10),  and  his 
description  of  its  con- 
struction has  also  been 

followed.       At  the  bot-  Fig.  8.—The  Hodge  flytrap,  showing  where  the  flies  enter. 

-    ^,  ^  (After  Hodge.) 

tom   of  the   trap   a 

space  about  one-fourth  of  an  inch  wide  running  entirely  across  the 
window  is  left  on  both  sides  of  the  frame.  This  crack  admits  the 
flies  beneath  a  roof  or  ridge  of  screen  wire  having  holes  large  enough 
for  flies  to  go  through  punched  along  its  top  at  2-inch  intervals. 
In  order  to  capture  the  house  fly,  bait  consisting  of  any  material 
which  is  attractive  to  them  is  placed  in  pans  beneath  this  ridge. 
The  flies  enter  this  space  and  then  ascend  through  the  holes  and  are 
unable  to  escape.  The  sides  of  the  trap,  also,  are  made  of  ordinary 
screen  wire  bent  inward  and  upward  in  two  horizontal  folds  running 
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across  the  window,  one  toward  the  bottom  and  one  toward  the  top. 
The  ends  of  the  screen  are  then  securely  tacked  and  a  seri^  of  small 
holes  punched  along  the  inner  edge  of  each  of  the  folds.  The  trap- 
folds  and  ridge  must  not  be  too  sharp  or  flies  will  not  go  up  to 
the  angle.  They  should  not  be  less  than  45°.  The  flies,  in  trying 
to  go  in  and  out  through  the  window,  crawl  into  the  folds  and 
enter  the  holes  at  the  apex,  but  never  escape,  as  on  the  inside  the 
holes  are  along  the  projecting  ridge.  Prof.  Hodge  states  that  a 
trap  set  in  a  window  in  a  basement  barn  near  a  cow  within  caught 
nearly  5  quarts  of  flies  from  July  1  to  November  1.     The  stable  fly 

constituted  90  per  cent 
of  these  flies,  this  being 
practically  all  that  ap- 
peared on  the  place. 

This  trap  is  inexpen- 
sive and  can  be  made 
by  anyone  with  a  box, 
or  box  lumber,  and 
screen  wire.  It  is  es- 
pecially well  adapted 
to  well-made  barns 
where  the  flies  do  not 
have  numerous  places 
for  entrance  and  exit. 
It  is  also  more  applic- 
able to  small  barns  in 
which  animals  are  kept 
more  or  less  constantly 
than  to  large  dairy 
barns  where  the  cows 
are  brought  in  only  at 
milking  time.  Under 
the  latter  conditions  the 
flies  enter  the  barns  on 
the    cows    and    many 

FiG.9.-fheHodgeflytTapflttedtoabam window.  (Alter Hodge, )       remain  on  the  Walls  of 

the  barn  until  after  the  cattle  have  been  turned  out.  In  some  cases 
where  flies  are  concentrated  in  dairy  barns  in  this  manner  they  have 
been  driven  out  by  forcing  live  steam  into  the  buildingfrom  the  boilers 
used  for  sterilizing  purposes.  Where  siich  airangements  are  made  the 
flies  may  be  caught  in  such  traps  as  the  one  described,  as  they  are  en- 
deavoring to  escape  from  the  barn,  which  should  first  be  tightly  closed. 
If -such  bams  are  tightly  closed,  as  above,  during  the  light  part 
of  each  day,  the  flies  will  practically  all  *' catch  themselves"  in  trying 
to  escape  through  the  trap-window  or  windows. 
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BBSTBUCnOK  OF  DOCATTTBE  STAQBS  AND  PBEVENTION  OF  BBEEDmO. 

Since  straw  stacks  have  been  found  to  be  the  principal  breeding 
places  of  this  insect  in  the  grain  belt,  the  proper  care  of  the  straw  is 
by  far  the  most  important  step  in  control.  The  straw  should  be 
stacked  more  carefully  than  is  ordinarily  done,  when  it  is  desired  to 
keep  it  for  protection  and  food  for  live  stock.  This  may  be  accom- 
plished by  making  the  sides  of  the  stack  nearly  vertical  and  rounding 
it  up  well  on  top,  in  order  the  better  to  shed  the  rain. 

So  far  as  possible,  all  straw  which  is  not  required  for  winter  feed  for 
stock  should  be  disposed  of  immediately  by  burning,  or  by  scattering 
it  over  the  land  soon  after  thrashing  and  subsequently  plowing  it 
under,  or  by  burning  the  stacks.  The  plowing  under  of  the  straw  is 
the  most  advisable  method  of  procedure,  as  by  this  practice  large 
amounts  of  humus  are  added  to  the  soil.  Oat  straw  is  most  generally 
used  for  feeding  purposes,  and  it  is  this  straw  which  forms  the  principal 


FiQ.  10.— Pile  of  aies  caught  in  a  Hodge  flytrap.    (After  Hodge.) 

breeding  ground  for  flies.  It  is  therefore  important  that  all  of  the  oat 
straw  needed  for  feed  or  bedding  be  baled  and  stored  under  cover 
and  that  the  remainder  be  promptly  burned  or  scattered. 

All  straw  stacks  not  consumed  by  stock  during  the  winter  should 
be  promptly  disposed  of  in  the  early  spring,  as  these  stacks  furnish 
flies  continuously  during  spring  and  summer.  Often  the  flies  reared 
in  such  situations  are  abundant  enough  to  cause  great  annoyance  to 
live  stock  during  early  spring,  and  by  multiplying  throughout  the 
sunmaer  an  almost  incredible  number  of  flies  are  produced  by  fall.  An 
examination  of  an  oat-straw  stack  at  Gainesville,  Tex.,  in  March,  1913, 
showed  a  very  large  number  of  pup®,  from  many  of  which  flies  were 
emerging.  In  portions  of  this  stack  it  was  estimated  that  300  pupsd 
were  present  in  each  cubic  foot  of  straw.  This  illustrates  the  im- 
portance of  disposing,  in  spring,  of  straw  which  has  been  carried  over 
the  winter.  Disposition  of  the  stacks  in  spring  may  be  accomplished 
in  the  same  way  as  has  been  suggested  to  be  followed  in  the  fall. 

The  conditions  which  produced  the  unusual  outbreak  in  1912,  that 
is,  the  heavy  rainf aQ  on  the  freshly  thrashed  straw,  rendered  the  straw 
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largely  unfit  for  food  for  live  stock,  as  the  stacks  in  many  cases  were 
wet  through  and  soon  became  heated  and  rotten.  In  such  instances, 
where  the  flies  are  already  breeding  in  these  stacks,  their  immediate 
destruction  by  burning  or  scattering  is  necessary  to  relieve  the  con- 
ditions. When  stacks  are  scattered  the  work  should  be  done 
thoroughly,  so  as  to  expose  the  straw  completely  to  the  influence  of 
the  sun,  wind,  and  light.  By  this  procedure  practically  all  of  the 
larv»  and  many  of  the  pupsB  are  destroyed. 

.  It  is  best  to  plow  under  the  scattered  straw  soon  after  it  has  become 
well  dried  out.  In  many  sections  of  the  grain  belt  plowing  is  not 
generally  practiced,  the  land  being  simply  shallowly  disked  prior  to 
seeding.  The  scattering  of  straw  over  the  ground  in  such  cases  is  less 
practicable  than  where  the  land  is  plowed.  Of  course,  the  practice 
of  disking  land  is  not  a  commendable  one,  and  wherever  plowing  can 
be  done  it  should  be  adopted. 

In  sections  of  the  country  where  headers  instead  of  binders  are 
used,  and  consequently  a  smaller  amount  of  straw  is  accumulated, 
the  straw  is  much  more  easily  disposed  of  by  the  methods  just  out- 
lined. The  general  adoption  of  the  field  thrashers,  which  thrash  the 
grain  without  cutting  it,  would  completely  solve  the  question  of  the 
straw  stack.  It  is  reported  that  this  machine  reduces  the  expense 
of  harvesting  from  14  cents  to  2  cents  per  acre.  The  straw  is  left 
standing  in  the  field  and  the  chaff  scattered  over  the  ground,  the 
entire  refuse  being  turned  under  at  plowing  time. 

The  use  of  poisons  or  other  substances,  with  a  view  of  destrojdng 
immature  flies  in  the  substances  in  which  they  are  breeding,  is 
neither  practicable  nor  advisable.  Enormous  quantities  of  these 
materials  would  be  required  to  permeate  the  straw  or  manure  piles  to 
kill  the  flies,  and,  even  though  the  flies  were  destroyed,  the  straw 
would  be  rendered  dangerous  to  live  stock. 

Although  straw  is  the  principal  breeding  place  for  flies  within  the 
grain  belt,  there  is  no  doubt  that  thousands  of  stable  flies  develop  in 
manure  piles.  Moreover,  such  material  is  utilized  extensively  as  a 
breeding  place  for  the  house  fly  and  horn  fly.  Hence  the  proper  care 
of  all  sorts  of  animal  refuse  is  essential  for  successfully  combating  the 
pest.  Manure  should  be  hauled  out  and  scattered  at  regular  intervals, 
as  is  recommended  for  the  control  of  the  house  fly,  and  any  accumu- 
lations of  straw  or  hay,  especially  adjacent  to  stables,  should  be  dis- 
posed of,  as  these  are  often  utilized  for  the  breeding  of  the  stable  fly 
when  larger  accumulations  of  horse  manure  and  straw  are  not  available. 

The  need  of  properly  caring  for  stable  refuse  is  still  further  empha- 
sized by  the  fact  that  there  are  far  more  manure  piles  than  straw 
stacks.  Furthermore,  the  stable  manure  is  usually  in  close  proximity 
to  the  habitations  of  man  and  thus  furnishes  flies  which  have  freer 
access  to  man,  with  consequent  greater  potentiality  as  disseminators 
of  human  diseases. 
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paper  is  intended  to  replace  Farmers'  Bulletin  241,  "  Butter  Making 
on  the  Farm,"  issued  in  1905. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston, 
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FARM  BUTTER  MAKING. 


The  amount  of  farm  butter,  according  to  the  census  reports  of 
1890  and  1900,  was  in  excess  of  1,000,000,000  pounds  annually.  Id 
1909  it  was  994,650,610  pounds.  That  a  large  part  of  this  is  of  poor 
quality  is  generally  known,  but  on  account  of  the  widely  scattered, 
isolated  condition  of  the  farm  butter  makers  it  is  a  difficult  problem 
to  take  steps  which  would  result  in  an  improvement.  If  this  im- 
provement is  to  take  place  and  prove  of  profit  to  the  farm  butter 
makers  it  is  very  necessary  that  greater  attention  be  given  to  details 
concerning  the  factors  affecting  the  quality  of  butter. 

The  fundamental  facts  and  practices  concerning  butter  making 
should  be  applied  by  the  farmer  as  well  as  the  creamery  operator. 
This  knowledge  and  its  importance  should  be  known  in  order  that 
it  can  be  intelligently  applied.  Cleanliness  and  attention  to  details 
are  the  two  prerequisites  to  the  manufacture  of  good  butter.  The 
main  defects  in  farm  butter  show  these  two  prerequisites  to  be  very 
frequently  neglected.    These  defects  are : 

(1)  Bad  flavors. 

(2)  Lack  of  uniformity  in  color  and  salt. 

(3)  Unsuitable  packages  and  no  uniformity  in  the  style  of 

the  packages. 
The  bad  flavors  are  due  largely  or  entirely  to  the  changes  in  the 
milk  and  cream  before  it  is  churned  rather  than  to  the  subsequent 
treatment  of  the  butter. 

CAUSE  OF  CHAVOE  DT  MILK  AND  CBEAH. 

The  change  in  milk  and  cream  is  due  largely  to  the  action  of 
microorganisms  known  as  bacteria  upon  the  various  constituents  of 
milk. 

Normal  milk  is  composed  of  the  following: 


Per  cent. 

Water 87.  H 

Butter  fat 8.69 

Casein 8. 02 


Per  cent. 

Albumin 0.  53 

Sugar 4. 88 

Ash .  71 


The  constituents  which  the  bacteria  act  upon  are  the  milk  sugar, 
albumin,  and  casein.  Their  action  upon  the  milk  sugar  results  in 
the  formation  of  a  sour,  acid  by-product  which  causes  what  is  gen- 
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6  FABM  BUTTEB  MAKIKQ. 

erally  known  as  sour  or  curdled  milk.  Their  action  upon  the  casein 
and  albumin  results  in  the  formation  of  by-products  of  various 
peculiar  flavors  and  aromas  which  may  or  may  not  be  objectionable. 
The  butter  fat,  which  is  affected  only  slightly,  if  at  all,  by  the  bac- 
teria, very  quickly  absorbs  any  flavors  or  aromas  which  may  result 
from  the  bacterial  action  upon  the  casein,  albumin,  or  sugar. 

The  presence  of  bacteria  in  milk  is  dependent  upon  external  con- 
ditions and  agencies.  Milk,  when  drawn  from  the  udder  of  a 
healthy  normal  cow,  contains  bacteria  in  comparatively  small  numbers. 
Those  which  get  in  later  must  do  so  through  the  agency  of  some 
carrier,  such  as  dust,  dirt,  filth,  and  manure  from  the  atmosphere, 
hands  and  clothing  of  the  milkers,  or  from  the  body  of  the  cow. 
The  exclusion  of  the  most  objectionable  kinds  of  bacteria  is  simply 
a  matter  of  cleanliness  about  the  barn,  milk  room,  or  any  other 
place  where  milk  is  handled  and  requires  that  attention  be  given  to 
details.  The  bacteria,  however,  which  do  get  into  milk  increase  in 
number  very  rapidly,  due  ordinarily  to  the  favorable  warm  tem- 
perature and  the  presence  of  desirable  food,  i.  e.,  milk  sugar,  casein, 
and  albumin.  Their  increase  depends  primarily  upon  the  tempera- 
ture. If  it  is  low  (50°  to  40°  F.),  a  very  slow  increase  occurs;  if 
higher  (75°  to  100°),  a  much  more  rapid  increase  occurs.  This 
increase  or  growth  results  in  the  breaking  up  of  some  of  the  milk 
sugar,  casein,  and  albumin,  with  the  formation  of  by-products  as  men- 
tioned above.  That  the  quantity  and  quality  of  these  by-products 
depends  upon  the  kind  of  bacteria  present  and  their  growth  should 
be  constantly  kept  in  mind  and  all  practical  efforts  made  to  exclude 
the  bacteria  and  control  their  growth. 

CLEANLINESS. 

The  importance  of  cleanliness  can  not  be  overemphasized^  In  our 
haste  to  accomplish  a  task  we  often  sacrifice  our  better  judgment, 
only  to  learn  that  haste  at  that  stage  of  the  work  necessitates  a  waste 
in  time  and  labor  at  a  later  period.  This  is  particularly  true  in 
handling  milk  and  cream  that  is  to  be  used  in  the  manufacture  of 
butter  on  farms.  The  bodies  of  the  cows,  the  utensils,  and  the  con- 
ditions at  the  bam,  the  milk  room,  and  storage  room  should  all  be 
clean.  These  are  the  primary  factors  which  affect  the  cleanness  of 
milk  and  cream. 

BODY  07  COW. 

The  body  of  the  cow  should  be  kept  clean.  There  probably  is  no 
greater  source  of  contamination  to  milk  than  that  of  dust,  hairs, 
manure,  or  excreta  falling  from  the  body  of  the  cow  into  the  open 
milk  pail  during  milking.    The  types  of  bacteria  which  are  found 
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associated  with  this  filth  are  capable  of  producing  very  objectionable 
changes  in  milk  and  its  products.  Their  activity  is  greatly  increased 
by  the  favorable  conditions  which,  we  have  noted,  exist  in  warm  milk. 
Anjrthing  which  tends  to  favor  this  accumulation  of  filth  on  the  cow's 
body  should  be  removed  and  the  cow  kept  clean,  particularly  about 
the  flanks  and  udder.  This  can  be  done  very  efficiently  and  easily  by 
keeping  the  long  hairs  clipped  from  the  flanks  and  by  wiping  the 
udder  with  a  moist  cloth  or  sponge.  The  clipping  of  the  flanks  keeps 
the  hair  short  and  does  not  favor  the  accumulation  or  retention  of 
filth.  That  which  does  adhere  can  be  more  quickly  and  easily  re- 
moved with  a  currycomb  and  brush  than  if  the  hair  were  long  and 
had  the  manure  worked  into  it  sufficiently  to  form  a  more  or  less 
filthy  mat.  In  addition  to  keeping  the  cow's  body,  especially  during 
milking,  free  from  dust  and  filth  the  bam  should  be  free  from  dust 
and  well  ventilated.  The  feeding  of  hay  or  any  other  feed  stuff  just 
preceding  milking,  which  will  leave  the  atmosphere  of  the  bam  full 
of  dust,  should  be  avoided.  Sufficient  time  should  be  allowed  be- 
tween the  addition  of  feed  to  the  feed  boxes  and  the  time  of  milking 
to  permit  the  dust  to  settle.  In  many  large  dairies  this  is  hastened 
by  use  of  fine  spray  or  mist,  which  soon  clears  the  atmosphere  of  dust. 
It  is  well  to  bear  constantly  in  mind  that  the  two  main  considerations 
in  securing  good  raw  material  from  which  to  make  butter  are:  (1) 
Obtain  a  good  clean  milk;  (2)  keep  it  free  from  contamination  by 
undesirable  bacteria. 

TEE  UXItiw8TTJ>. 

The  utensils  should  be  of  such  material  and  construction  that  they 
are  easily  cleaned  and  kept  so.  The  interior  should  be  smooth,  with 
no  cracks  or  crevices  for  dirt  and  milk  remnants  to  find  lodgment  and 
be  removed  only  with  difficulty.  The  surface  should  be  heavily  tinned 
and  the  seams  filled  with  solder.  Tinware  should  be  kept  bright  and 
perfect.  As  soon  as  any  rust  spots  make  their  appearance  an  entrance 
is  given  into  the  soft  iron  for  germs  and  small  particles  of  decaying 
matter,  which  are  in  consequence  removed  with  much  more  difficulty. 
The  process  of  cleaning  vessels  which  have  contained  milk  should  be : 
First.  To  rinse  them  thoroughly  in  lukewarm  water. 
Second.  Wash  thoroughly  with  the  aid  of  some  good  soap  or 

cleansing  powder  in  water  as  hot  as  the  hand  will  bear. 
Third.  Thoroughly  rinse  in  hot  water. 

Fourth.  Expose  to  live  steam  from  one  to  two  minutes  or  to 
boiling  hot  water  for  five  minutes  in  case  steam  is  not  avail- 
able. 
Fifth.  Exposure,  if  possible,  in  bright  sunlight  from  two  to 
three  hours. 
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In  this  way  the  tinware  can  be  kept  clean  and  bright  and  free  from 
bacteria.  Having  thoroughly  cleaned  the  vessels  the  prevention  of 
access  of  dirt  to  the  milk  in  process  of  milking  is  important 

THE  BABH. 

The  bam  should  be  clean,  light,  and  free  from  objectionable  odors. 
In  order  to  accomplish  this  remove  the  manure  not  only  from  the 
cow  stall  but  from  the  bam.  The  cow  lot  should  also  be  kept  free 
from  manure  to  prevent  its  getting  on  the  body  of  the  cow.  The 
floor  of  the  barn  and  stall  should  be  capable  of  good  drainage  to  in- 
sure dry  floors.  In  addition  to  well-drained  floors,  dry,  clean  bedding 
should  be  kept  in  the  stalls.  Such  precautions  will  reduce  the  work 
of  keeping  the  body,  flanks,  and  udder  of  the  cows  clean  and  will  re- 
move the  greatest  source  of  contamination.  The  hands  and  clothing 
of  the  milkers  should  be  clean  and  milking  done  with  dry  hands.  The 
filthy  habit  of  milking  with  hands  made  wet  by  a  stream  of  milk 
from  the  udder  only  adds  to  the  possibility  of  filth  being  added  and 
should  never  be  done. 

THE  khx  boom. 

The  milk  room  should  receive  equal  attention,  with  respect  to 
cleanliness,  as  the  bam.  It  should  be  clean,  light,  well  ventilated, 
and  free  from  objectionable  odors.  The  separator  should  be  cleaned 
each  time  it  is  used  and  not  allowed  to  stand  with  milk  in  it.  Flush- 
ing the  separator  with  warm  water  does  not  remove  the  slime  and 
milk  constituents  from  the  sides  of  the  bowl.  This  slime  is  a  suitable 
food  for  bacteria,  and  as  a  result  of  their  rapid  growth  the  contents 
of  the  bowl  become  a  starter  for  the  warm,  fresh  milk  of  the  subse- 
quent milking.  The  types  of  bacteria  which  develop  here  are  largely 
those  found  in  the  manure,  filth,  etc.,  which  got  into  the  milk  at  the 
barn.  These  are  the  most  undesirable  kind  and,  their  number  having 
greatly  increased  in  the  bowl,  multiply  rapidly  in  the  warm,  fresh 
milk.  Not  only  should  the  separator  and  ite  parts  be  kept  clean,  but 
also  all  equipment  with  which  milk  comes  in  contact. 

THE  STOBAGE  BOOX. 

The  storage  room  where  milk  or  cream  is  stored  or  held  \mtil 
churned  should  also  be  clean,  dry,  and  free  from  bad  odors,  eudi 
as  those  from  decayed  or  decaying  vegetables  or  fruit,  as  well  as 
odors  emanating  from  the  kitchen  when  vegetables  or  meat  are  being 
cooked.  Any  or  all  of  these  odors  are  slowly  absorbed  by  cream  or 
butter  and  result  in  objectionable  flavors.  The  damp,  musty  cellar  is 
a  very  objectionable  storage  room,  but  when  light,  cool,  dry,  and 
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sweet-smelling  is  often  very  satisfactory.    Whitewash,  drainage,  and 
ventilati(xi  often  make  an  objectionable  cellar  a  desirable  storage 

room. 

TEHPESATVBES. 

The  temperature  at  which  milk  and  cream  is  held  previous  to 
churning  has  an  even  more  important  effect  than  the  initial  number 
of  bacteria  present.  These  minute  organisms  have  been  found  capa- 
ble of  reproducing  themselves  at  the  rate  of  once  every  half  hour  if 
the  temperatures  are  favorable,  but  if  that  temperature  is  unfavor- 
able their  growth  is  checked  and  their  number  increases  slowly. 

kuk 

The  temperature  at  which  the  milk  should  be  held,  however,  de- 
p^ds  upon  the  treatment  it  is  to  receive  in  separation.  If  it  is  to 
be  separated  by  use  of  a  centrifugal  separator  it  should  have  a  tem- 
perature of  90^  to  92^  F.  and  should  be  separated  as  soon  after  milk- 
ing as  possible.  The  longer  it  remains  at  this  high  temperature  the 
greater  will  be  the  bacterial  growth.  On  the  other  hand,  if  it  is  to 
be  separated  by  use  of  some  form  of  the  gravity  system  it  should  be 
cooled  as  quickly  as  possible  to  a  temperature  of  50®  to  40°  F.,  which 
will  check  the  growth  of  bacteria.  The  most  common  forms  of  the 
gravity  system  in  use  are  those  known  as  the  "shallow  pan"  and 
"  deep  setting."  The  former  consists  in  allowing  the  cream  to  set  in 
pans  (2  to  4  inches  deep  and  8  to  14  inches  in  diameter)  until  the 
butter  fat  has  risen  to  the  top.  It  can  then  be  removed  by  use  of 
a  cream  ladle,  spoon,  knife,  or  some  other  instrument.  The  latter, 
or  deep-setting  method,  consists  in  the  use  of  a  tall  can,  commonly 
known  as  the  "shotgun"  or  Cooley  can  (8  inches  in  diameter  and 
18  to  20  inches  high),  set  in  cold  water.  This  latter  method  is  more 
satisfactory  than  the  former,  since  it  cools  the  milk  qxiicker  to  a 
lower  temperature  and  exposes  less  of  its  surface  to  the  atmosphere 
for  absorption  of  flavors. 

CBEAIL 

The  temperature  of  cream  that  is  most  desirable  depends  upon  the 
methods  to  be  followed.  If  the  cream  is  to  be  held  for  several  days 
in  order  that  a  sufficient  amount  can  be  collected  to  justify  churning 
the  temperature  should  be  low  enough  to  check  bacterial  action  and 
retain  the  cream  in  as  sweet  condition  as  possible  until  the  whole  lot 
can  be  ripened  together.  The  favorable  temperature  in  such  case  is 
50°  F.,  or  lower  if  practicable.  If  the  cream  is  to  be  ripened  and 
the  best  flavors  obtained  a  higher  temperature  is  more  favorable  for 
the  growth  of  the  bacteria  which  produce  those  flavors.    Study  and 
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investigation  of  the  flavors  in  milk,  cream,  and  butter  have  shown 
that  the  best  flavors  are  produced  by  the  bacteria  which  grow  at  66** 
to  70°  F.  But  since  this  flavor  is  wanted  only  at  the  time  cream  is 
churned,  it  is  most  satisfactory  to  hold  them  in  check  by  low  tem- 
peratures until  about  24  hours  before  churning  time.  Then  raise 
the  temperature  to  65**  to  70°  and  retain  for  8  to  12  hours  and  gradu- 
ally cool  the  cream  to  the  desired  churning  temperature,  which  varies 
from  52°  to  62°  F.  This  temperature  should  be  maintained  from 
2  to  4  hours,  in  order  to  insure  proper  firmness  or  texture  in  the 
butter.  This  insures  in  most  cases  a  desirable  flavor  in  the  cream 
and  butter.  With  the  general  purposes  in  mind  it  is  readily  ap- 
parent that  cleanliness  and  proper  temperatures  are  two  fundamental 
factors  in  the  manufacture  of  butter,  whether  it  is  made  on  the  farm 
or  in  creameries. 

METHODS  OF  COlTTBOLinra  TEHPESATITKE  OF  lOLK  AHD 

GBEAH. 

It  is  impossible  to  produce  a  desired  temperature  and  maintain  it 
unless  there  is  some  accurate  means  of  ascertaining  temperatures. 
The  only  reliable  method  is  that  of  using  a  thermometer.  The  accu- 
racy and  correctness  of  the  thermometer  should  be  imquestionable, 
and  in  order  to  be  certain  that  it  is,  it  is  advisable  to  have  the  best 
There  are  several  practical  methods  of  controlling  the  temperatures, 
but  definite  directions  are  hardly  possible,  inasmuch  as  the  conditions 
on  no  two  farms  are  identical. 

These  methods  are: 

(1)  The  use  of  cold  water  as  a  cooling  agent.    This  may  be  either — 
(a)  Cold  running  water  from  springs  or  deep  wells- 

(6)  Cold  nonrunning  water  from  springs  or  wells. 
(<?)  Water  cooled  by  the  addition  of  ice. 

(2)  The  use  of  refrigerators  or  ice  boxes. 

(3)  The  use  of  clean,  dry,  cold  odlars  as  storage  room. 

The  following  table  shows  very  clearly  the  relative  efficiency  of 
cold  water  and  the  atmosphere  of  a  cellar  for  reducing  and  main- 
taining low  temperatures: 


Method 

Temper- 
ature of 
cooling 

Temper- 
ature of 
cream. 

Temperature  of  cream  at  later  periods. 

No.t 

dOrnln. 

1  hour. 

2  hours. 

3  hours. 

4  hours. 

5  hours. 

6  hours. 

7  hours. 

Shours. 

1 

2 

S 

4 

62 
52 
52 
52 

•  F. 
92.5 
89.0 
86.5 
85.5 

•  F. 

90.5 
86.7 
83.8 
77.0 

•  F. 

89.0 
83.0 
75.6 
68.4 

•  F, 
87.0 
76.7 
66.1 
63.5 

•  F. 
85.0 
73.0 
62.5 

60.5 

•  p 

82.0 
70.0 
60.5 
68.7 

80.5 
68.2 
60.0 
67.6 

•  F. 
79.0 
67.0 
58.0 
56.4 

•  F. 
78.0 
65.7 
57.0 
55.6 

76.5 
65.0 
56.1 
55.0 

1  The  methods  of  treatment  were  as  follows:  The  can  of  cream  was  placed,  in  No.  1,  on  cement  ikMr  of 

the  cellar;  No.  2.  in  cold  nonrunning  water;  No.  3,  in  cold  running  water;  No. 4,  in  oold  ramiii]^  i 

and  stirred  at  intervals  of  one-half  hour. 
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THE  BIPEVIHO  OF  CKEAIL 

By  the  ripening  of  cream  is  meant  the  changes  it  undergoes  from 
the  time  of  separation  until  it  is  added  to  the  chum.  Upon  these 
changes  depends  very  largely  the  quality  of  butter  as  regards  teirture 
and  flavor.  The  temperature  at  which  cream  is  held  determines  the 
firmness  or  texture,  while  the  flavor  is  dependent  upon  the  by-prod- 
ucts from  the  bacterial  growth. 

The  purpose  of  ripening  cream  is  fundamentally  that  of  giving  the 
butter  the  desired  flavor  and  aroma,  but  in  addition  it  increases  the 
ease  and  efficiency  of  churning.  Cream  is  ripened  in  <me  of  two 
ways: 

First,  it  sours  or  ripens  as  a  result  of  the  action  of  bacteria  which 
are  normally  present  in  milk  and  cream ;  or, 

Second,  it  ripens  as  a  result  of  action  of  certain  kinds  of  bacteria 
which  are  added  in  what  is  termed  a  "  starter.** 

STABTEBS. 

A  "  starter  "  is  simply  a  quantity  of  curdled  milk  which  has  a  clean 
acid  flavor  and  is  capable  of  producing  a  similar  flavor  in  the  cream 
or  milk  to  which  it  is  added.  These  starters  may  be  made  from  skim 
milk,  buttermilk,  whole  milk,  or  cream,  and  are  used  for  the  sake  of 
hastening  the  production  of  a  uniform  desirable  flavor  in  the  ripened 
cream  and  finished  butter. 

These  starters  are  of  two  kinds,  viz,  "  natural "  starters  and  "  com- 
mercial "  or  "  pure-culture  "  starters.  A  natural  starter  is  one  made 
by  allowing  the  bacteria  normally  found  in  the  milk  to  sour  or  curdle 
it.  A  commercial  or  pure-culture  starter  is  one  made  by  adding  cer- 
tain kinds  of  bacteria  to  the  milk  or  cream  and  allowing  it  to  sour  or 
ripen  as  a  result  of  their  action  rather  than  as  a  result  of  those  nor- 
mally present.  Under  natural  starters  we  have:  (1)  Skim  milk,  (2) 
buttermilk,  (3)  whole  milk,  and  (4)  ripened  cream.  These  are  lots 
of  milk  of  the  kind  which  the  name  suggests  that  have  the  desired 
clean  acid  flavor  and  are  used  to  hasten  the  production  of  that  flavor 
in  the  cream  which  is  to  be  churned.  The  skim-milk  or  whole-milk 
starters  are  made  by  taking  a  small  quantity  of  the  milk  and  allow- 
ing it  to  sour  naturally,  after  which  it  is  added  to  larger  quantities 
of  milk  or  cream.  Buttermilk  as  a  starter  is  hardly  worthy  of  recom- 
mendation. If,  however,  it  has  a  clean,  desirable  flavor  when  added 
to  the  cream  it  may  prove  beneficial. 

In  making  the  commercial  or  pure-culture  starters  pasteurized 
skim  milk  is  used.    Pasteurization  consists  in  heating  the  milk  or 
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cream  to  a  temperature  of  140°  to  145°  F.  and  holding  for  20  minutes 
and  then  quickly  cooling  to  60°  to  70°  F.  This  heating  destroys 
practically  all  bacteria  present.  After  milk  is  pasteurized  a  small 
quantity  is  inoculated  with  a  pure  culture  of  bacteria,  which  increase 
rapidly  and  produce  the  desired  flavor  in  the  starter.  These  pure 
cultures  are  prepared  at  several  commercial  bacteriological  labora- 
tories and  can  be  obtained  by  butter  makers  upon  order. 

The  advantages  to  be  derived  from  use  of  starters  are:  (1)  It 
favors  the  production  of  a  good  uniform  flavor  and  aroma  in  butter ; 
(2)  it  hastens  ripening;  and  (3)  it  enables  the  butter  maker  to  more 
readily  control  the  quality  of  his  butter. 

The  temperatures  which  favor  the  growth  of  bacteria  during  tlie 
ripening  of  cream  are  65°  to  70°  F.  The  bacteria  which  produce  the 
most  desirable  flavors  grow  best  at  or  above  these  temperatures, 
while  those  which  increase  and  act  at  lower  temperatures  are  less 
desirable.  It  should  be  the  object  of  every  butter  maker  to  produce 
a  clean  acid  flavor  in  the  cream  and  to  chum  when  this  flavor  has 
been  attained,  so  that  it  may  be  absorbed  by  the  fat  and  be  present 
in  the  finished  butter. 

METHODS  OF  BETEBMINIira  TEE  BIPENESS  OF  CSEAJL 

In  the  making  of  butter  it  is  essential  that  the  ripening  of  the 
cream  be  controlled  and  that  an  accurate  method  of  determining  the 
proper  degree  of  ripeness,  with  respect  to  flavor  and  aroma,  should 
be  understood  and  applied  by  the  farm  butter  maker.  There  are  at 
present  several  methods  of  determining  the  percentage  of  acidity  in 
cream.  This  acidity,  however,  is  only  an  indicator  of  the  flavor  and 
aEpma  and  must  be  supplemented  by  the  sense  of  taste  and  smelL 
Cream  will  become  stale  and  yeasty  in  flavor  without  any  very  great 
increase  in  acidity  after  a  certain  stage  is  reached.  This  seems  to 
be  often  the  case  in  cream  from  which  dairy  butter  is  made.  The 
most  common  and  probably  the  most  practical  method  of  determin- 
ing the  ripeness  of  cream  is  by  taste  and  smell.  The  flavor  should 
be  clean,  rich,  and  free  from  anything  objectionable.  If  the  flavor 
is  once  well  understood  and  recognized  the  butter  maker  can  with 
some  degree  of  accuracy  maintain  it,  if  intelligent  efforts  are  made. 
Another  very  common  practice  is  to  judge  by  the  appearance  of  the 
cream.  When  thoroughly  ripe  it  thickens  slightly  and  takes  on  more 
or  less  of  a  glossy  appearance.  These  two  methods  are  common 
among  farm  butter  makers.  Among  creameries  another  method 
known  as  the  "  acid  test "  is  very  generally  in  use.  This  consists  in 
determining  the  per  cent  of  acid  present  in  the  ripened  cream.  Ex- 
perience has  shown  that  cream  containing  0.4  to  0.5  per  cent  of  acid 
has  ripened  sufficiently  to  produce  the  desired  flavors  and  aromas. 
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This  test  is  made  by  the  use  of  an  alkaline  solution  and  an  indicator. 
It  is  made  in  the  following  way:  A  definite  amount  of  cream  is 
taken  in  a  glass  or  cup  with  white  interior.  To  this  cream  a  few 
drops  of  the  indicator  are  added.  The  alkaline  solution  is  then 
slowly  added  to  the  cream  until  a  permanent  slight  pink  color  ap- 
pears. The  indicator,  which  is  colorless  in  presence  of  an  acid  and 
a  deep  pink  or  red  in  presence  of  an  alkali,  serves  to  show  when  all 
acid  has  been  neutralized.  The  alkaline  solution  is  of .  a  known 
strength  and  the  cream  of  known  quantity.  With  these  two  factors 
it  is  possible  to  quickly  calculate  the  percentage  of  acid.  Apparatus 
and  solutions  necessary,  along  with  directions  for  making  the  test, 
can  be  secured  from  practically  all  dairy  supply  houses. 

During  the  ripening  the  cream  should  be  stirred  thoroughly  and 
frequently.  This  insures  uniformity  and  prevents  the  butter  fat 
separating  from  the  milk  constituents  of  the  cream.  It  was  mentioned 
previously  that  bacteria  do  not  act  upon  the  butter  fat,  but  upon  the 
other  constituents.  If  the  butter  fat  rises  to  the  top  of  the  cream, 
as  it  will  if  not  stirred,  the  flavor  and  aroma  will  not  be  uniformly 
absorbed.  The  milk  or  lighter  cream  in  the  lower  part  of  the  vat 
or  cream  can  will  sour  more  quickly,  curdle,  and  probably  result  in 
white  specks  of  curd  being  incorporated  in  the  butter.  To  prevent 
this  and  insure  uniform  ripening,  cream  should  be  stirred.  Cream 
should  be  run  through  wire  strainers  to  remove  and  break  up  curd 
particles. 

COLOBHTG  TEE  BXTTTES. 

The  imiformity  in  appearance  and  attractiveness  of  butter  is 
greatly  increased  by  the  color.  The  most  desired  color  is  that  usually 
found  in  butter  produced  in  June,  when  cows  are  having  large 
amounts  of  green,  succulent  feed.  Butter  makers  endeavor  to  main- 
tain a  uniform  color  throughout  the  year  by  the  use  of  "  butter 
coloring."  The  amount  of  color  varies  with  the  season,  but  is  usually 
at  the  rate  of  from  one-half  to  1^  oimces  of  color  for  each  25  pounds 
of  butter,  which  is  about  one-half  to  IJ  teaspoonfuls  for  each  3 
pounds  of  butter.  This  color  should  be  added  to  the  cream  just 
after  cream  has  been  put  in  the  chum  and  before  churning  has  begim. 

Churning  is  a  process  of  removing  butter  fat;  which  exists  in 
minute  globules,  from  milk  or  cream.  This  is  accomplished  by 
agitating  the  cream  thoroughly,  thereby  causing  the  fat  globules  to 
come  into  contact  with  each  other  and  cohere  as  a  result  of  concus- 
sion. The  composition  of  cream  affects  the  ease  of  churning.  It  is 
composed,  as  we  know,  of  butter  fat  and  milk  serum.    The  percent- 
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age  of  batter  fat  affects  ihe  proximity  to  each  other  of  the  fat  gidk 
ules  which  exist  in  suspension  in  the  serum  of  milk  and  cream. 
Globules  are  much  nearer  each  other  in  cream  than  in  milk  and 
nearer  each  other  in  40  per  cent  cream  than  in  15  per  cent  cream. 
The  effect  of  temperature  upon  these  minute  fat  globules  is  to  harden 
or  soften  them,  just  as  it  does  lard,  tallow,  and  other  fats.  A  low 
temperature  hardens  them;  a  higher  causes  them  to  beccmie  soft 
The  ease  or  readiness  with  which  fliey  adhere  to  each  other  upon 
coming  in  contact  is  dependent  upon  their  softness.  If  they  are  too 
firm  they  do  not  adhere  readily. 

With  these  few  facts  in  mind,  it  is  well  to  note  the  most  important 
factors  which  influence  the  process  of  churning.    These  factors  are: 

(1)  The  per  cent  of  butter  fat  in  cream. 

(2)  The  temperature  of  the  cream. 

(3)  Fullness  of  the  churn. 

(4)  Speed  of  the  chum. 

(5)  Breed  of  cows. 

(6)  Individuality  of  cows. 

(7)  Time  in  the  period  of  lactation. 

(8)  The  feed  of  cows. 

(9)  Acidity  of  cream. 

A  brief  discussion  of  these  factors  will  bring  out  more  clearly  the 
effect  of  each. 

(1)  As  noted  above,  the  percentage  of  butter  fat  determines  the 
proximity  of  the  fat  globules  to  eaach  other  and  affects  the  chances 
of  their  coming  into  contact  during  the  churning  or  agitation  of  the 
cream. 

(2)  The  temperature  of  these  fat  globules  determines  their  soft- 
ness and  the  ease  with  which  they  adhere  and  form  the  small  gran- 
ules. These  unite  with  others  until  they  become  visible  in  granules 
as  large  as  wheat  and  com  kernels. 

(3)  The  fuUness  of  the  chum  affects  the  amount  of  agitation 
which  is  possible  during  the  revoluticm  of  the  churn.  If  the  amount 
of  cream  is  small  it  may  adhere  to  the  walls  of  the  chum  and  re- 
ceive little  or  no  agitation.  On  the  other  hand,  if  the  amount  is 
too  large  the  chum  will  be  so  full  that  very  little  room  will  be  left  for 
the  agitation  and  concussion. 

(4)  The  speed,  of  the  chum  also  affects  the  amount  of  agitation 
the  cream  receives.  If  it  is  revolved  too  rapidly  the  centrifugal  force 
is  sufficient  to  cause  the  cream  to  remain  in  one  end  without  causing 
agitation.  If  it  is  revolved  too  slowly  the  cream  flows  from  one  end 
of  the  chum  to  the  other  and  does  not  receive  agitation  or  concussion. 

(5)  The  size  of  fat  globules  in  milk  varies  according  to  the  breed. 
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The  larger  these  globules  the  more  quickly  and  easily  they  unite. 
H^ice  their  effect  on  the  time  required  for  churning. 

(6)  The  production  of  large  and  small  fat  globules  varies  in  indi- 
vidual cows.  Some  produce  a  larger  percentage  of  large  fat  glob- 
ules than  others.  Hence  the  churning  time  is  affected  by  the  individ- 
uality of  the  cow. 

(7)  The  stage  in  the  period  of  lactation  is  also  an  influencing 
factor  because  of  its  effect  on  the  size  of  the  fat  globules  and -for 
other  reasons  not  yet  fully  understood.  In  the  earlier  part  of  the 
milking  period  oows  produce  milk  containing  larger  fat  globules 
than  they  do  during  the  latter  months. 

(8)  The  effect  of  feed  upon  churning  is  due  to  its  effect  upon  the 
composition  of  the  fat  globules.  It  is  generally  conceded  that  a 
green  succulent  feed,  like  grass,  green  com,  ensilage,  etc.,  tends  to 
increase  the  softness  of  the  fat  globules,  while  a  dry  feed,  such  as 
grain  and  hay,  causes  a  harder  butter  fatw 

(9)  The  acidity  of  cream  probably  affects  the  time  and  complete- 
ness or  efficiency  6f  churning.  The  ripened  cream  will  probably 
chum  in  less  time  and  more  efficiently  than  sweet  cream ;  hence,  if  it 
is  necessary  to  chum  quantities  of  cream  which  have  been  collected 
from  day  to  day,  as  is  almost  universally  true  in  farm  butter  making, 
they  should  be  mixed  together  a  few  hours  before  churning  in  order 
that  the  acidity  will  be  uniform  throughout  the  whole  quantity. 

While  all  these  factors  affect  the  time  and  labor  required  for 
churning,  the  most  important  ones  are  the  percentage  of  fat  in  cream, 
the  temperature  of  the  cream,  and  the  fullness  and  speed  of  churn. 
If  these  four  factors  are  carefully  controlled,  little  difficulty  in  churn- 
ing will  be  experienced.  The  cream  for  churning  should  contain  at 
least  25  per  cent  butter  fat,  should  be  at  such  a  temperature  that  it 
win  chum  in  25  to  80  minutes,  giving  a  firm,  granular  butter,  and 
should  be  sufficient  in  quantity  to  fill  the  barrel  chum  between  one- 
third  and  one-half  full.  The  chum  should  be  revolved  so  as  to  give 
the  greatest  agitation  and  concussion  possible. 

TEE  OBJECT  OF  CHTTEHIVO. 

In  churning,  the  butter  fat  globules  should  be  massed  into  granules 
in  order  that  it  can  be  more  easily  separated  from  the  other  milk 
constituents.  The  separation  of  this  butter  fat  with  ease  and  effi- 
ciency makes  churning  one  of  the  most  important  steps  in  the  pro- 
duction of  butter  either  in  creameries  or  on  farms.  The  degree  or 
amount  of  churning  is  dependent  upon  the  size  of  granules  desired. 
This  varies  in  practice,  but  if  the  purpose  in  having  them  a  definite 
size  is  thoroughly  understood  the  efforts  at  controlling  their  size  can 
be  more  intelligently  made.    The  purpose  or  object  in  controlling 
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the  size  of  the  butter  granules  during  churning  is  threefold:  (1)  Re- 
moval of  buttermilk;  (2)  more  even  distribution  of  salt;  and  (3) 
finer  grain  or  texture. 

The  buttermilk  can  be  most  thoroughly  removed  if  butter  is  in  the 
form  of  granules  varying  in  size  from  that  of  com  kernels  to^  peas. 
The  massing  of  butter  into  lumps  as  large  as  a  walnut  or  a  man's 
fist  results  in  the  incorporation  of  buttermilk  and  makes  removal  by 
washing  very  improbable.  Again,  if  butter  is  in  small  granules  the 
salt  can  be  more  easily  distributed  and  the  butter  be  more  uniformly 
salted.  The  amount  of  working  necessary  is  reduced  and  results  in 
a  finer  grain  and  texture.  If  the  butter  is  in  one  mass  when  the  salt 
is  added  the  working  necessary  to  distribute  the  salt  will  usually 
injure  the  body.  The  size  of  the  granules  can  be  controlled  by  stop- 
ping the  chum  frequently  after  the  butter  breaks.  The  chum  should 
be  stopped  when  butter  is  in  granules  as  large  as  com  kernels  or  peas. 

WASHDra  THE  BXTTTEB. 

After  the  churning  has  been  completed  the  buttermilk  should  be 
drawn  off  through  a  fine-medied  strainer  to  prevent  loss  of  small 
particles  of  butter.  When  the  buttermilk  has  been  removed  the  but- 
ter should  be  washed  with  cold  water  which  is  a  few  degrees  colder 
or  warmer  than  the  buttermilk  was.  This  temperature  d^ends  upon 
the  butter.  If  it  is  too  soft  use  colder  water;  if  too  firm  use  warmer 
water.  The  reasons  for  washing  butter  are  three :  (1)  To  remove  the 
greater  part  of  the  buttermilk,  and  in  many  cases  to  improve  the 
flavor;  (2)  to  improve  the  keeping  quality;  (8)  to  "  firm  "  or  harden 
the  butter  so  that  it  can  be  more  easily  handled  and  neatly  packed. 
The  method  of  washing  depends  somewhat  upon  the  kind  of  chum 
in  use,  but  the  primary  object  is  the  same,  viz,  removal  of  the  butter- 
milk. In  a  barrel  chum,  if  an  amount  of  water  equal  to  that  of  the 
buttermilk  is  used,  8  to  12  revolutions  is  generally  sufficient  to  remove 
the  buttermilk.  When  washing  is  completed  the  butter  should  still 
be  in  the  granular  condition. 

SALTING  THE  B1TTTES. 

After  drawing  off  the  wash  water  the  granular  butter  should  be 
salted.  The  amount  of  salt  necessary  varies.  If  the  reasons  for  salt- 
ing are  kept  in  mind  the  amount  necessary  can  be  readily  determined. 
There  are  three  reasons  for  salting:  (1)  Improvement  of  the  flavor; 
(2)  satisfying  market  demands;  (3)  serves  more  or  less  as  a  pre- 
servative. 

There  are  several  methods  in  use  among  butter  makers  for  deter- 
mining the  amount  of  salt  to  be  added  to  butter.    In  creameries  salt 
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is  usually  calculated  upon  the  butter- fat  basis,  i.  a,  from  the  weight 
of  cream  and  percentage  of  butter  fat  the  pounds  of  butter  fat  are  cal- 
culated, and  for  each  pound  of  butter  fat  a  definite  amount  of  salt  is 
added.  This  amount  varies  from  one-half  ounce  to  1^  ounces  per 
pound,  dependent  upon  demands  of  the  market.  In  the  larger 
dairies,  where  from  50  to  500  pounds  are  made  per  week,  probably 
the  most  common  method  is  to  weigh  the  granular  butter  after  wash- 
ing has  been  completed,  and  add  a  definite  amount  of  salt  for  each 
pound  of  butter.  This  amount  varies  in  different  localities  from  cme- 
half  ounce  to  li  ounces  per  pound.  When  this  practice  is  followed 
the  salt  should  be  sifted  evenly  over  the  granular  butter  by  use  of  a 
fine-meshed  sieve.  This  prevents  the  addition  of  lumps  of  salt,  which 
would  be  dissolved  and  distributed  with  difficulty. 

In  the  small  farm  dairies,  where  from  5  to  10  pounds  are  made 
per  week,  it  is  usually  the  practice  to  estimate  the  weight  of  butt^ 
and  guess  at  the  amount  of  salt  necessary.  This  practice  is  not  to  be 
recommended  on  account  of  the  great  lack  of  uniformity  in  salting 
which  results.  Either  the  practice  followed  in  creameries  or  the 
larger  dairies  ^ould  be  used.  Weighing  both  the  butter  and  salt  is 
probably  the  more  practical. 

WOSEING  THE  B1TTTEB. 

After  the  addition  of  the  salt  the  butter  should  be  worked.  The 
purposes  of  working  are:  (1)  To  distribute  the  salt;  (2)  to  produce 
a  compact,  firm,  close-textured  body;  (3)  to  expel  moisture  and 
buttermilk. 

The  amount  of  woiting  necessary  to  distribute  the  salt  depends 
upon  the  granular  condition  of  the  butter  and  salt.  If  the  butter 
is  in  lumps  or  is  very  firm  more  working  is  required  than  if  butter 
is  in  small  granules.  If  the  salt  is  not  well  pulverized  and  fine 
grained  it  is  hard  to  dissolve  and  distribute.  It  dissolves  and  is  dis- 
tributed more  easily  in  a  fairly  soft  butter  than  in  a  very  firm,  hard 
butter. 

The  desired  body  is  also  dependent  upon  the  granular  condition 
and  firmness  of  the  butter.  When  the  granules  are  small  and  very 
firm  working  requires  more  effort  When  they  are  too  soft  the  butter 
requires  less  working,  but  is  very  likely  to  be  lacking  in  texture,  i.  e., 
without  a  granular  appearance,  when  the  broken  surface  is  examined. 

Three  points  should  be  observed  in  determining  whether  butter  is 
worked  sufficiently:  (1)  It  should  present  a  firm,  glossy  appearance; 
(2)  the  texture,  especially  a^  later  examinations,  should  resemble  the 
granular  structure  of  broken  end  of  steel  rod ;  (3)  there  should  be  no 
grittiness  due  to  the  unevenly  distributed  or  undissolved  salt.    This 
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can  be  determined  by  taking  a  small  piece  of  butter  between  the  teeth 
and  biting  into  it  repeatedly.    Any  grittiness  will  soon  be  observed. 

Insufficient  working  is  generally  shown  by  a  mottled  appearance  in 
color  on  the  cut  surface.  This  is  largely  due  to  an  uneven  distribu- 
tion of  salt.  Overworking  is  usually  shown  by  a  poor  grain  <^ 
texture.  This  results  in  a  salvy  condition  and  injures  the  keeping 
quality.  The  aim  of  butter  makers  should  be  to  produce  a  high-grade 
article  that  is  imiform  week  after  week  in  flavor  and  composition. 
This  can  be  done  by  careful  methods  in  ripening,  salting,  and 
working. 

PBDrmro  and  PACEnro  bttttee. 

The  printing  and  packing  of  butter  is  the  first  and  fundamental 
step  in  getting  it  on  the  market  or  before  the  consumer,  and  should 
be  given  careful  attention.  The  greatest  lack  of  uniformity  in  farm 
butter  is  probably  that  apparent  in  package  or  printing.  The  objects 
to  be  attained  are:  (1)  Convenience  in  handling;  (2)  attractiveness 
for  the  consumer;  (3)  source  of  advertising  to  the  producer. 

Success  in  making  the  butter  attractive,  c(mvenient  to  handle,  and 
an  advertisement  in  itself  will  make  profit  more  probable  if  care  be 
taken  in  the  production  of  a  good  quality  of  butter.  With  such 
attributes  butter  can  usually  be  profitably  marketed. 

The  packages  now  in  use  among  farmers  are  crocks,  fib^  boxes, 
parchment  papers  and  cartcms^  dishes,  buckets,  pans,  etc.  The  use 
of  some  of  these  packages  make  attractiveness  and  convenience  im- 
possible. The  most  desirable  and  attractive  forms  of  packages  are 
the  3,  5,  or  10  pound  earthen  crocks  and  the  1  or  2  pound  prints 
wrapped  in  parchment  papers.  These  wrapped  prints  are  in  some 
cases  inclosed  in  pasteboard  cartons  or  boxes.  The  name  and  address 
of  the  producer  and  a  brief  statement  ccmceming  the  butter  is 
usually  printed  upon  the  paper  or  carton.  This  serves  as  an  adver- 
tisement and  makes  a  trade-mark  possible  whereby  tJie  public  may 
know  what  to  call  for  and  know  whether  the  butter  received  is  the 
butter  that  was  asked  for.  This  should  lead  to  an  increased  demand 
for  that  particular  product 

MABEETDTG'  THE  BTITTEB. 

The  original  and  ultimate  object  in  the  production  of  farm  butter, 
as  in  any  other  product,  should  be  production  at  a  profit  This 
profit,  being  dependent  upon  the  mai^eting,  should  make  the  efforts 
toward  securing  a  suitable  market  greater  than  is  usually  the  case. 
The  objects  to  be  gained  in  marketing  are:  (1)  Patrons  who  appre- 
ciate and  are  willing  to  pay  for  a  butter  superior  in  quality  and 
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appearance;  (2)  a  constant  steady  market;  (3)  satisfied  customers, 
which  will  result  in  an  increased  demand. 

With  these  points  in  mind  it  is  well  to  state  the  kinds  of  market 
that  are  available  and  which  are  being  profitably  taken  advantage 
of  in  different  sections  of  the  United  States.  These  are  classed  as 
follows:  (1)  Private  customers,  e.  g.,  individuals,  hotels,  and  res- 
taurants; (2)  selected  grocery  stores;  (3)  summer  hotels  in  certain 
localities;  (4)  commission  houses  in  nearby  cities. 

SAiBT  EQriPUEirr. 

Up  to  this  point  little  has  been  said  about  the  kinds  of  utensils 
and  equipment  necessary  for  manufacture  of  butter  on  the  farm. 
The  fact  Uiat  utensils  and  equipment  are  not  the  fundamental  fac- 
tors has  led  to  the  delay  in  their  discussion.  Excellent  butter  is  in 
many  cases  made  by  the  use  of  the  most  antiquated  and  crude  equip- 
ment. The  quality  of  the  butter  is  dependent  upon  the  intelligent 
use  of  rather  than  the  kind  of  equipment.  The  convenience  and 
desire  to  save  time  and  labor  should,  however,  be  sufficient  to  induce 
butter  makers  to  endeavor  to  get  the  most  suitable  equipment  that 
the  market  affords.  The  improvement  and  time  saved  due  to  in- 
telligent use  of  the  most  suitable  dairy  equipment  will  result  in  a 
profit  and  satisfaction  that  is  not  possible  with  the  antiquated  equip- 
ment of  our  forefathers. 

The  dairy  equipment  should  consist  of : 

Apparatus  for  determining  percwitage  of  fat  in  milk  and 
cream.     (Babcock  tester,  bottles,  milk-record  sheets,  etc) 

Some  means  of  heating  water — a  boiler. 

Milk  pails. 

Hand  and  floor  brushes. 

Milk  strainer. 

Cream  separatcnr. 

Milk  cans. 

Floating  dairy  thermometer. 

Cream-ripening  vat. 

Tank  for  cold  water  (used  in  maintaining  low  temperatures 
of  milk  and  cream). 

Cream  stirrer. 

Cream  strainer. 

Barrel  churn. 

Butter  worker. 

Butter  ladles. 

Scales  or  spring  balance. 

Butter  printer. 
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Parchment  paper  or  other  butter  packages. 
Butter  delivery  box. 
While  all  of  this  equipment  is  not  absolutely  neoessary,  it  can  be 
used  to  advantage.    The  needs  of  the  individual  dairy  will  deter- 
mine which  can  be  best  omitted.    A  brief  discussion  of  the  construc- 
tion and  purpose  of  each,  accom- 
panied   by    illustrations,    may    be 
serviceable : 

Kilk  pails  should  be  of  such  C(HI- 
struction  as  to  enable  them  to  be 
easily  cleaned  and  kept  bright 
This  is  best  accomplished  by  having 
the  inner  surface  of  the  pail  smooth 
and  free  from  seams  or  crevices 
which  serve  as  a  place  for  dirt  to 
accumulate  and  make  its  removal 
difficult.  The  pails  should  have 
the  seams  smoothly  soldered  and 
should  be  heavily  tinned  to  pre- 
vent rusting.  They  should  have  a 
narrow  or  covered  top  to  exclude  as 
much  falling  dirt  as  possible.    (See 

Fio.  1.— Covered  milk  pall.  ^S'  !•) 

Brushes  should  be  used  in  cleaning 
the  pails  and  other  utensils  about  the  dairy.    They  are  much  more 
efficient,  convenient,  and  easily  cleaned  than  dishcloths.    The  pails 
should  be  thoroughly  cleaned  after  each  usage  by  first  rinsing  with 
warm  water,  using  a  stiff  ox-fiber  brush  and  some  cleansing  powder 
to  remove  any  particles 
of  dried  milk  or  other 
substances  which  would 
be   deleterious   to  milk 
that   was    later   drawn 
into   them.    After   this 
brushing   and   cleaning 
with    warm    water   the 

pail    should    be    rinsed  pio.  2.-pioor  brush. 

with  boiling  or  scalding 

water.    The  heat  imparted  in  this  way  will  be  sufficient  to  dry  the 

pail  and  destroy  the  bacteria  which  are  present,  thus  leaving  the  pail 

clean  for  subsequent  usage.    Floors  of  dairy  room  should  be  kept 

clean.    The  floor  brushes  in  use  are  very  efficient  for  this  purpose 

(see  fig.  2). 
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Fio.  8. — ^Milk  strainer,  showing  center  removed. 

The  milk  strainer  should  be  of  the  size  most  suit- 
able for  the  dairy.  The  strainer  part  should  be  of 
wire  gauze  having  a  small  mesh  to  remove  as  much 
of  the  dirt  particles  as  possible.  It  should  be  cleaned 
in  the  same  manner  as  the  pails  and  kept  sweet  by 
scalding.  The  body  should  be  smooth  and  free  from 
seams  (see  fig.  3). 

The  cream  4separator. — ^The  points  to  be  considered 
in  a  separator  are:  (1)  Ease  of  operation,  (2)  effi- 
ciency, (3)  durability,  (4)  capacity,  (5)  height  of 
feed  can  from  the  floor,  and  (6)  ease  of  cleaning. 
These  requirements  are  met  by  most  of  the  standard 
make  of  machines. 

Milk  cans. — The  size  of  cans  necessary  is  dependent 
upon  the  quantity  of  milk  to  be  handled.  The  cans 
most  frequently  used  are  known  as  the  3-gallon  or 
"  shotgun  "  can,  and  the  5  or  8  gallon  cans.  They 
should  possess  the  same  characteristics  so  desirable 
in  milk  pails,  viz,  smooth,  heavily-tinned  interior,  to 
prevent  rusting  and  difficulty  in  cleaning. 

Floating  dairy  thermometer.—  ^.  thermometer  should 
be  intelligently  used  by  every  butter  maker.  The 
control  of  temperatures  is  one  of  the  most  important 
parts  of  dairy  work,  and  can  be  done  more  efficiently 
if  definite  knowledge  is  obtainable.  The  floating 
dairy  thermometer,  which  is  very  convenient,  makes 
this  knowledge  possible.  It  should  be  accurate  and 
Fig.  4.— Pioating     reliable.    Such  a  thermometer  is  easily  cleaned  (see 

dairy  thermom-       n        a\ 
eter.  "6"  */• 

Cream  ripening  vat — The  ripening  vats  used  in 
some  of  the  larger  dairies  are  very  convenient  and  efficient.    The  vat 
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is  surrounded  by  a  wooden  box  which  leaves  space  for  a  water-jacket. 
This  jacket  or  space  is  kept  filled  with  cold  water,  which  serves  to 


Pio.  5. — Cream  ripening  yat« 


cool  and  control  the  temperature  of  cream  during  the  period  in 
which  it  is  collected  and  ripened.  Cream  can  be  warmed  or  cooled 
by  filling  this  compartment  with  warm  or  cold  water.     (Fig.  5.) 


Fig.  6. — Tank  for  cold  water. 


A  tank  for  cold  water  will  serve  the  same  purpose  and  can  be  used 
in  maintaining  low  temperatures  of  milk  and  cream.  Such  a  tank  is 
very  commonly  used  among  farmers,  with  very  good  results*    The 
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milk  or  cream  in  the  Cooky  or  ''  shotgun ''  can  (8  inches  in  diameter 
and  20  inches  deep)  is  set  in  the  tank  of  cold  water  (figs.  6  and  7)  .^ 


Lon^/^^/na/  Cross- Sechdn  "Shofyun" Can 

KjfBojc  ^ho¥^n  in  Ff^.  6. 

Pia.  7. — Tank  for  cold  water. 

The  cream  stirrer  may  be  of  any  form.   It  should  be  used  frequently.' 

The  object  of  stirring  cream  is  to  keep  the  fat  and  other  cream  con- 

stitutents  thoroughly  mixed,  so  that  the  ripening  may  be  uniform 

and  no  large  curd  particles  will  form  and  later  ap- 

/i  pear  in  the  butter  as  white  specks.    This  thorough 

ti  mixing  will   make  the  absorption  of  flavors   and 

W  aromas  by  the  butter  fat  more  imiform.    One  type 

of  stirrer  is  shown  in  figure  8. 

A  cream  strainer  should  be  used  when  cream  is 
being  added  to  the  chum.  Straining  at  this  time 
through  a  somewhat  larger  meshed  gauze  will  break 


Fia.  8.-   Cream 

stirrer.  Pj^^  9.— Cream  strainer. 

up  any  curd  particles  which  may  have  been  formed  and  reduce  the 
probability  of  white  specks  appearing  in  the  butter  (see  fig.  9). 

1  niastratlon  from  Bui.  17.     Dairy  and  Cold  Storage  Commissioner's  series.     Canada. 
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A  barrel  ohnm  is  generally  recognized  as  the  most  convenient  and 
efficient  kind  in  use.  The  absence  of  inside  fixtures  makes  the  oper- 
ation and  cleaning  easy.    The  churning  is  due  to  agitation  and  con- 


Pio.  10. — Power  chum. 


cussion,  which  is  not  likely  to  injure  or  destroy  the  granular  structure 
so  desirable  in  butter.  These  chums  may  be  operated  either  by  hand 
or  some  mechanical  power.    The  use  of  a  pulley  instead  of  a  crank 


Fig.  11. — One  type  of  butter  worker. 

makes  it  possible  to  transfer  power  by  means  of  a  belt  from  other 
machines,  such  as  gasoline  engines,  electric  motors,  treadmills,  wind- 
mills, etc.  The  farm  separator  may  also  be  operated  by  the  same 
power'  (see  fig.  10). 

641 


Digitized  by 


Google 


FABM  BUTTER  MAKING. 


25 


The  butterworker  should  be  easy  to  opera4;e,  convenient,  and  efficient. 
In  working,  the  salt  should  be  distributed  and  the  butter  worked 
into  a  firm,  close-grained  mass  without  injuring  the  texture.     This 


FiQ.  12. — ^Lever  butter  worker. 


Fig.  13.— Wooden 
ladle. 


seems  to  be  most  easily  accomplished  by  use  of  a  worker  having  a 
corrugated  roller  which  is  passed  backward  and  forward  over  the 
butter.    This  distributes  and  works  in  the  salt  without  injuring  the 


Fig.  14. — One-pound  Butter  printer. 


grain  or  body.    The  butter  can  be  more  uniformly  worked  and  with 

greater  ease  than  with  some  of  the  other  workers  (see  figs.  11  and  12). 

Butter  ladles. — Butter  should  not  be  touched  or  handled  with  the 
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bare  hand.  The  heat  of  the  hand  injures  the  body  of  the  butter  and 
in  addition  is  very  insanitary.  The  consumers  of  butter  object  to 
eating  butter  with  finger  prints  upon  it  Wooden  ladles,  as  shown  in 
figure  13,  are  very  satisfactory. 

Scales  for  weighing  the  butter  and  salt  should  be  used  by  every 
butter  maker.  Their  use  insures  greater  uniformity  in  salting  and 
adds  greatly  to  the  satisfaction  of  knowing  what  is  being  done. 

The  butter  printer  enables  the  butter  maker  to  put  the  butter  up  in  a 
uniform,  neat  package  from  week  to  week.  The  most  popular,  con- 
venient, and  attractive  form  is  that  of  the  1-pound  print.  The  form 
varies  somewhat,  but  the  most  commonly  used  is  one  4f  by  2i  by  2f 
inches  (see  fig.  14). 


Pig.  15. — Batter  shipping  or  deliyery  box. 

Parchment  papers,  8  by  11  inches,  are  used  to  wrap  these  pound 
prints  of  butter.  These  papers  protect  the  butter  from  dust  and 
dirt  during  handling  and  are  also  used  in  showing  who  the  maker  is. 
They  may  be  plain  or  bear  a  printed  statement  or  advertisements 
The  convenience,  attractiveness,  and  protection  are  sufficient  to  justify 
the  slight  added  expense  of  their  use. 

A  delivery  box  is  very  useful  and  necessary  in  handling  butter.  It 
should  be  constructed  so  the  butter  may  be  kept  cool  and  in  a  firm 
condition  throughout  the  time  necessary  for  delivery.  This  can  be 
done  by  having  a  deep  rectangular  can  of  crushed  ice  in  the  central 
part  of  the  box.    The  pound  prints  can  be  placed  around  this  and 
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kept  from  becoming  soft  and  difficult  to  handle.  The  use  of  ice 
throughout  the  process  of  making  and  marketing  butter  should  be 
more  common  (see  fig.  15). 

COHCLTTSIOXS. 

In  conclusion,  it  may  be  well  to  add  a  few  brief  instructions : 

(1)  Keep  good  cows  that  will  produce  from  200  to  300  pounds 
or  more  of  butter  fat  annually. 

(2)  Feed  them  liberally;  follow  methods  commonly  employed 
among  feeders  in  the  cow-testing  associations. 

(3)  Keep  the  cows  comfortable  and  clean  when  in  the  stable. 
Comfort  is  conducive  to  best  production. 

(4)  Skim  a  rich  heavy  cream  of  not  less  than  25  per  cent  fat. 
The  fat  can  be  regulated  by  adjusting  the  cream  screw. 

(5)  Keep  an  accurate,  reliable  thermometer  at  hand  and  use  it 
intelligently. 

(6)  Keep  the  cream  cool.  It  should  be  as  near  50°  F.  as  possible, 
if  it  is  desirable  to  keep  it  sweet  and  check  bacterial  action. 

(7)  Cream  should  be  ripened  before  churned;  65®  to  70°  F. 
favors  the  growth  of  the  bacteria  which  produce  desirable  flavors 
in  cream.  The  number  of  desirable  bacteria  can  be  increased  by 
the  use  of  "starters."  Cream  should  not  be  ripened  for  too  long 
a  period.  It  soon  develops  objectionable  flavors.  Stir  the  cream 
frequently  during  ripening  to  insure  uniformity..  Strain  the 
cream  through  wire-gauze  strainer  to  break  up  or  remove  the  curd 
particles. 

(8)  Chum  at  a  temperature  that  will  give  a  firm,  flaky  granule 
in  the  butter.  This  temperature  varies  slightly  with  the  season, 
but  ranges  from  52°  to  62°  F.  The  use  of  a  thermometer  and  intelli- 
gent observation,  as  result  of  a  few  chumings,  will  enable  the  butter 
maker  to  determine  the  proper  temperature  at  which  to  chum. 
Chum  should  be  stopped  when  butter  granules  are  large  as  com 
kernels  or  peas.  Time  required  for  churning  should  be  25  to  30 
minutes. 

(9)  Use  clear,  pure  water  for  washing  the  butter.  It  should  not 
be  more  than  3°  colder  or  warmer  than  the  buttermilk.  Use  amount 
of  water  equal  to  that  of  buttermilk.  In  barrel  chum  revolve  12  to 
15  times  in  washing. 

(10)  Weigh  the  granular  washed  butter  and  salt  at  the  rate  of 
three- fourths  ounce  to  1  ounce  per  pound.  Be  sure  the  salt  is  well 
pulverized  and  sift  it  evenly  over  the  granular  butter  before  any  of 
the  moisture  is  worked  out. 
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28  FABM  BUTTEB  MAKING. 

(11)  Work  the  butter  sufficiently  to  distribute  salt  withouv  injur- 
ing the  grain  or  texture.  Determine  working  by  (1)  appearance, 
(2)  texture,  (3)  grittiness. 

(12  Put  the  butter  up  in  clean,  neat,  attractive  packages. 

(13)  Keep  everything  in  and  about  the  dairy  clean  and  attractive 

(14)  Make  earnest  and  conscientious  efforts  to  obtain  and  retain 
profitable  markets. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agmcdlture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  April  11, 1913. 

Sir  :  Many  requests  are  received  at  the  Department  of  Agriculture 
for  information  on  the  methods  employed  in  growing  oranges  and 
other  citrus  fruits  in  Florida  and  the  Gulf  States,  and  it  is  important 
that  the  Department  be  able  to  supply  the  desired  information  as 
fully  as  possible.  In  order  to  furnish  this  infonnation  in  concise 
form,  Prof.  P.  H.  Rolfs,  Director  of  the  Agricultural  Experiment 
Station  of  Florida,  has  revised  Farmers' Bulletin  238, entitled  "Citrus 
Fruit  Growing  in  the  Gulf  States,"  and  has  divided  the  material 
contained  in  that  publication  into  three  parts,  of  which  this  paper 
is  the  third,  as  follows:  "Sites,  Soils,  and  Varieties  for  Citrus 
Groves  in  the  Gulf  States";  "Propagation  of  Citrus  Trees  in  the 
Gulf  States  ";  "  Culture,  Fertilization,  and  Frost  Protection  of  Citrus 
Groves  in  the  Gulf  States."  In  this  form  the  information  will  be 
more  available  for  distribution  in  the  territory  directly  concerned  and 
will  be  of  more  service,  it  is  believed,  to  prospective  growers  of 
citrus  fruits  and  to  planters  already  engaged  in  this  industry.  I  have 
the  honor  to  recommend  that  the  paper  be  published  as  a  Farmers' 
Bulletin. 

Respectfully-,  Wm.  A.  Taylor, 

Chdef  of  Bureau* 

Hon.  D.  F.  Houston, 

Secretary  of  Agriculture. 
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B.  P.  I.— 890. 

CULTURE,  FERTILIZATION,  AND  FROST  PROTEC- 
TION OF  CITRUS  GROVES  IN  THE  GULF  STATES. 


nrrEOBUCTioir. 

The  growing  of  citrus  fruits,  an  industry  which  has  attained  vast 
proportions  in  Florida,  is  receiving  much  attention  in  other  Gulf 
States.  The  purpose  of  this  bulletin  is  to  answer  some  of  the  many 
inquiries  constantly  received  by  this  Department  and  to  act  as  a 
general  guide  for  prospective  planters  who  need  definite  advice  upon 
questions  of  citrus- fruit  growing.  The  information  is  necessarily  of 
a  very  general  character,  but  the  essential  factors  are  presented  in  a 
manner  which,  it  is  hoped,  will  enable  planters  to  understand  fully 
the  fundamental  principles  involved.* 

PEEFABATIOir  OF  THE  LAHB. 

As  a  rule,  the  field  chosen  to  be  planted  out  to  an  orange  grove  is 
land  with  a  native  growth  upon  it.  Usually  the  land  is  covered  with 
forest  trees.  Various  devices  have  been  used  for  reducing  the  amount 
of  labor  necessary  to  get  rid  of  this  native  growth,  but  up  to  the 
present  time  no  substantial  or  decided  progress  has  been  made  in 
the  methods  of  clearing  land.  The  most  of  the  work  is  done  by  main 
strength  and  muscular  labor.  Where  the  native  growth  happens  to 
be  some  form  of  hard  wood,  it  is  the  usual  practice  to  remove  the 
trees  and  stumps.  Some  advantage  is  frequently  obtained  by  the  use 
of  dynamite  or  other  explosive  in  loosening  the  stumps.  Where 
the  native  growth  is  pine  woods  or  palm  trees,  the  necessity  for 
removing  the  stumps  is  not  so  great,  though  in  the  case  of  the  former 
the  stumps  are  usually  taken  out.  In  cabbage-palmetto  hammocks 
some  of  the  trees  are  left  and  used  as  nurse  plants  for  a  few  years. 
The  most  economical  course  is  to  remove  all  trees,  shrubs,  and 
other  forms  of  vegetation  from  the  land  and  to  clear  it  of  all  rocks 
and  any  other  debris  that  may  be  found.  Then  the  land  may  be 
broken  up  and  put  into  a  first-class  state  of  tilth,  which  will  permit 
careful  staking  and  planting. 

^  For  a  discussion  of  other  phases  of  this  problem  which  can  not  be  Inclnded  here,  since 
to  treat  them  adequately  would  unduly  increase  the  size  of  this  bulletin,  see  Farmers* 
Bulletins  528,  Sites,  soils,  and  varieties  for  citrus  groves  in  the  Gulf  States ;  539,  Prop- 
agation of  citrus  trees  In  the  Gulf  States;  and  172,  Scale  insects  and  mites  on  citrus 
trees. 
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6  CULTURE  OP  CITRUS  GROVES  IN  GULF  STATES. 

SETTDTO  OUT  TEEES. 

Usually  the  prospective  orange  grower  buys  trees  from  a  nursery 
and  sets  them  out  as  soon  as  the  field  has  been  cleared,  wishing,  of 
course,  to  get  the  trees  on  the  land  as  soon  as  possible  and  to  hasten 
the  time  when  he  may  be  selling  fruit  Sometimes  this  is  by  no  means 
the  most  profitable  procedure.  Land  especially  rich  in  organic  matter 
and  heavily  matted  with  roots  from  the  native  growth  would  be 
decidedly  better  for  having  produced  a  crop  or  two  of  vegetables 
before  the  groi'e  is  planted.  If  for  any  reason  it  is  not  desirable  to 
grow  vegetables,  a  crop  of  weeds  grown  on  it  for  a  year  would  do 
much  to  sweeten  the  land  preparatory  to  receiving  the  trees.  A 
crop  of  cowpeas  or  velvet  beans  would  be  preferable,  however. 

The  number  of  trees  to  be  set  out  to  the  acre  depends  on  the  variety 
selected  and  the  character  of  the  land.  Large-growing  citrus  trees, 
such  as  pomelos  and  the  Valencia  Late  and  Hart  sweet  oranges, 
should  not  be  set  closer  than  100  to  the  acre,  and  on  first-class  soil 
80  are  enough.  Smaller  growing  varieties,  such  as  the  mandarin 
group  of  oranges  and  the  limes,  should  not  be  set  closerthan  200  trees 
to  the  acre.  The  character  of  the  land  will  also  need  to  be  consid- 
ered in  setting  out  a  grove.  In  a  sandy  loam  rich  in  organic  matter, 
especially  in  southern  Florida,  trees  grow  much  more  vigorously  and 
in  consequence  should  be  set  farther  apart.  Forty-nine  trees  to  the 
acre,  i.  e.,  setting  them  30  feet  apart  each  way,  is  about  as  small  a 
number  as  one  can  afford  to  plant.  In  the  heavy  clay  soils  trees 
grow  less  vigorously  and  may  be  set  nearer  together. 

TIME  AHD  KAKNEB  OF  SETTDfO  OTIT  TREES. 

The  time  of  setting  out  trees  will  depend  on  the  location  and  the 
conditions.  In  the  West  Indies  and  south  Florida  trees  may  be  set 
out  at  any  time  of  the  year  when  the  land  is  ready  and  when  there 
is  sufiicient  moisture  to  favor  their  growth.  In  central  Florida,  the 
spring  (February  and  March)  is  preferable.  The  same  is  true  of 
north  Florida,  Louisiana,  and  Mississippi.  In  the  extreme  northern 
portions  of  the  citrus-growing  section  it  is  usually  better  to  wait 
until  the  danger  of  freezing  weather  is  past.  This  will  bring  the 
date  up  to  about  the  latter  part  of  February.  In  setting  out  trees 
from  the  nursery,  care  should  be  taken  to  injure  the  roots  as  little 
as  possible.  Where  trees  can  be  taken  up  with  a  considerable  ball 
of  earth  and  transplanted  in  this  way,  they  may  be  set  out  without 
any  apparent  check  in  growth.  This,  however,  is  not  usually  prac- 
ticable. 

When  the  trees  are  taken  up,  the  roots  should  be  carefully  pro- 
tected by  means  of  wet  cloths  or  moist  moss  and  the  trees  set  in  holes 
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already  prepared  for  them.  If  the  ground  is  not  already  very  moist, 
the  addition  of  one  or  two  pails  of  water  will  usually  puddle  the 
roots  and  cause  the  trees  to  grow  promptly.  At  the  time  of  setting 
out,  the  tops  should  be  cut  back  to  correspond  closely  to  the  condition 
of  the  roots.  Complete  defoliation  is  also  advisable.  The  favorite 
size  of  tree  to  set  out  is  one  that  has  grown  about  4  feet  tall  in  the 
nursery  and  has  several  branches.  Such  trees  are  usually  about  an 
inch  or  an  inch  and  a  half  in  diameter  at  the  crown. 

CATCH  CBOPS. 

As  soon  as  the  field  has  been  set  to  a  grove,  cultivation  may  be 
begun.  The  kind  and  amount  of  cultivation  will  be  determined  by 
the  character  of  the  soil.  Light,  sandy  soil  should  have  shallow  but 
careful  cultivation.  Heavy  clay  soils  need  thorough  and  deep 
working.  Where  there  is  an  abundance  of  moisture  supplied  natur- 
ally to  the  soil,  other  crops  may  be  grown  to  advantage.  Where 
the  soil  is  inclined  to  be  dry  ajid  irrigation  has  to  be  practiced,  inter- 
cropping is  of  doubtful  utility.  During  the  winter,  vegetables  may 
be  planted  and  cultivated  as  in  ordinary  fields  with  decided  advan- 
tage to  the  orange  trees,  unless  the  land  is  too  dry.  Leguminous 
cover  crops  may  be  planted  as  soon  as  the  spring  and  summer  rains 
begin.  When  fall  droughts  occur  the  cover  crops  will  have  to  be 
removed  to  conserve  the  moisture  of  the  soil.  Cultivation  should 
then  be  resumed.  If  the  soil  is  inclined  to  be  sterile  the  cover  crop 
should  be  used  as  a  mulch  for  the  trees.  If  the  ground  is  suflSciently 
fertile  to  permit  it,  the  cover  crop  can  be  utilized  for  hay. 

PETJNINO. 

"  To  prune  or  not  to  prune ;  that  is  the  question."  At  many  of  the 
meetings  of  the  horticultural  societies  the  question  of  pruning  has 
been  vigorously  discussed.  There  are  many  good  reasons  for  pruning 
trees;  on  the  other  hand,  there  are  reasons  why  trees  should  not  be, 
pruned.  The  question,  then,  must  be  decided  by  each  individual. 
One  point,  however,  has  been  very  well  settled,  and  that  is  that  low- 
headed  trees  are  preferable.  Twenty-five  or  thirty  years  ago  it  wa« 
a  common  practice  to  have  citrus  trees  trimmed  high  enough  to  permit 
a  man  to  drive  a  cultivator  under  the  branches.  The  severe  cold  of 
several  winters  has  caused  this  custom  to  be  very  largely  abandoned. 
In  the  southern  part  of  Florida,  where  there  is  no  danger  from  frost, 
it  has  been  found  that  shading  the  ground  by  the  limbs  has  been  very 
beneficial  to  the  grove.  Another  important  advantage  in  low-headed 
trees  is  that  the  fruit  may  be  gathered  much  more  cheaply  than  from 
tall  trees. 
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Nearly  all  orange  growers  will  agree  that  the  priming  out  of  dead 
and  worthless  branches  is  of  benefit  to  the  tree.  The  extent  to  which 
sound  wood  is  pruned  out,  however,  varies  with  the  notions  of  the 
individual  grower.  Some  of  the  most  extensive  and  best  growers  in 
Florida  practice  no  pruning  at  all.  Diseased  branches  should  always 
be  cut  out,  removed  from  the  orchard  at  once,  and  burned.  Sprouts 
that  start  from  below  the  bud  must  be  removed,  and  this  should  be 
done  as  soon  as  possible.  Water  sprouts  arising  from  the  trunks  and 
larger  branches  should  also  be  removed. 

A  citrus  tree  should  be  kept  in  a  low,  compact  form,  but  violent 
priming,  such  as  is  often  practiced  in  deciduous  fruit  orchards,  is 
not  only  unnecessary  but  often  absolutely  harmful.  Systematic 
pruning  for  special  purposes  }s  often  necessary,  but  it  must  be  done 
by  a  well-directed  effort  or  more  harm  than  good  will  result 

FEBTHIZEBS. 

Under  the  general  heading  of  fertilizers  may  be  considered  ma- 
terials which  are  employed  to  enrich  the  soil  or  cause  it  to  produce 
a  hfeavier  crop.  Ordinarily  the  term  "  fertilizers  "  is  restricted  to 
such  as  are  considered  commercial  articles,  while  the  term  "  manure  " 
is  applied  to  organic  offal  and  refuse  accumulating  on  the  farm.  In 
some  parts  of  the  United  States  the  term  "  guano  "  has  been  used 
to  designate  commercial  fertilizers.  Cover  crops  which  are  grown 
on  the  land  for  the  purpose  of  enriching  the  soil  are  frequently 
called  "  green  manures." 

The  kind  of  fertilizer  required  to  produce  a  heavy  crop  of  oranges 
varies  greatly.  In  the  West  Indies,  Mexico,  Mississippi,  Louisiana, 
and  California  the  general  constitution  of  the  soil  is  so  variable  that 
no  hard-and-fast  rule  can  be  given.  In  fact,  in  many  cases  it  is  doubt- 
ful whether  the  desired  results  attend  the  application  of  any  or  all 
the  elements  usually  needed  as  plant  food.  While  fertile  soils  produce 
trees  of  vigorous  growth  which  often  bear  large  crops  of  fruit,  the 
possibilities  are  necessarily  limited  to  what  Nature  will  do;  but  in 
soils  where  one  or  more  of  the  elements  of  plant  food  are  present  in 
insufficient  quantity,  the  modeling  of  the  fruit  and  the  production  of 
excellent  qualities  are  more  completely  under  the  control  of  the 
skilled  horticulturist. 

COMMERCIAL  FERTILIZERS  FOR  FLORIDA. 

The  kind  and  quantity  of  fertilizer  necessary  to  produce  a  maxi- 
mum crop  of  fine  fruit  depend  entirely  upon  the  soil  in  which  the  tree 
is  growing.  Many  soils  in  the  citrus  regions  contain  an  excess  of  all 
the  elements  necessary  for  the  production  of  citrus  fruits.    When  fer- 
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tilizers  are  applied  under  such  conditions  no  beneficial  effect  can  be 
noticed  from  their  use.  An  orange  tree  planted  in  soil  that  contains 
large  quantities  of  the  necessary  elements  usually  produces  large 
fruit,  but  often  of  an  indifferent  character.  Soils  that  are  deficient  in 
nitrogen,  potash,  and  phosphoric  acid  can  usually  have  these  supplied 
from  such  sources  and  in  such  quantity  as  will  produce  fruit  of  the 
desired  texture  and  consistency.  It  therefore  happens  that  the  finest 
and  most  delicious  fruit  is  grown  on  rather  sterile  soil. 

The  entire  piny  woods  of  Florida  may  be  said  to  be  deficient  in 
each  of  the  three  important  elements  of  plant  food — ^nitrogen,  potash, 
and  phosphoric  acid.  Soils  are  also  found  in  which  there  is  a  defi- 
ciency of  lime,  so  that  frequently  an  addition  of  this  element  will 
prove  of  value.  The  hammock  soils  are  usually  sufficiently  fertile  to 
produce  at  least  one  crop,  or  even  a  few  crops  of  fruit,  without  the 
addition  of  fertilizer.  These,  however,  in  time  become  depleted,  and 
the  elements  of  plant  food  then  need  to  be  supplied  by  substances 
from  a  commercial  source. 

In  growing  cithis  fruits  on  soils  that  are  deficient  in  all  of  the 
three  important  elements  of  plant  food,  a  fertilizer  of  the  following 
ccMnposition  is  desirable: 

Per  cent. 

Ammonia 4 

Potash 10 

Phosphoric  acid   (available) 6 

For  growing  nursery  stock  or  for  trees  not  of  a  bearing  age  the 
amount  of  potash  in  the  formula  may  be  reduced  to  6  per  cent,  leaving 
the  two  other  ingredients  in  about  the  above  proportions. 

The  quantity  of  this  fertilizer  to  be  applied  per  acre  will  depend 
upon  various  conditions.  About  15  or  20  pounds  per  year  may  be 
applied  to  each  tree  capable  of  producing  10  boxes  of  fruit,  the 
quantity  being  decreased  or  increased  from  year  to  year,  as  results 
indicate.  Calculating  this  on  the  basis  of  100  trees  per  acre,  1,500 
pounds  per  acre  per  year  would  be  used  for  young  bearing  trees. 
Double  diis  amount  is  very  frequently  applied,  and  sometimes  three 
times  as  much  is  used. 

The  following  table  gives  approximately  the  amount  of  material 
needed  per  acre  for  bearing  trees  to  supply  a  quantity  of  fertilizer 
equal  in  fertilizing  constituents  to  1,500  pounds  of  the  foregoing 
formula : 

Pounds. 

(1)  Sulphate  of  ammonia 250 

[Sulphate  of  potash,  high  grade 300 

(2KOr  sulphate  of  potash  magnesia    (low-grade  sulphate  of 

I     potash) 550 

/Dissolved  l)oneblaclc 550 

lOr  acid  phosphate,  14  per  cent  available  phosphoric  acid—  860 
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10  CULTUBE   OF  CITRUS  GROVES  IN   GULF   STATES. 

In  the  case  of  nursery  stock  and  growing  trees,  2  per  cent  of  the 
ammonia  may  be  derived  from  an  organic  source.  This  would  require 
approximately  the  following  ingredients: 

Pounds. 

(1)  Sulphate  of  ammonia 125 

(2)  Dried  blood . 100 

[Sulphate  of  potash,  high  grade 200 

(3k  Or  sulphate  of  potash  magnesia    (low-grade  sulphate  of 
I     potash 350 

[Dissolved  boneblack : 550 
Or  acid  phosphate,  14  per  cent  available  phosphoric  acld__  850 

If  there  is  any  tendency  toward  die-back  the  dried  blood  should  be 
omitted  and  the  amount  of  sulphate  of  ammonia  increased  to  250 
pounds.  If  a  quick-acting  fertilizer  is  wanted,  nitrate  of  soda  (100 
pounds)  may  be  employed  in  place  of  dried  blood. 

Citrus-fruit  growers  wislling  to  compound  their  own  fertilizers 
should  give  due  regard  to  the  substances  from  which  the  different 
qualities  are  derived. 

Organic  ammonia,  as  found  in  cottonseed  meal,  dried  blood,  guano, 
and  the  various  stable  manures,  is  likely  to  produce  a  soft,  rapid 
growth,  and  in  certain  sections,  especially  in  Florida,  its  continued 
use  is  almost  certain  to  produce  die-back. 

Nitrate  of  soda  is  soon  taken  up  by  the  trees,  but  is  easily  washed 
out  of  the  soil.  Where  it  is  used  as  the  only  source  of  nitrogen  it 
has  to  be  repeated  from  four  to  eight  times  each  year,  varying  with 
the  amount  of  rainfall  and  the  character  of  soil. 

Sulphate  of  ammonia  is  much  slower  in  becoming  available  to  the 
trees  and  seems  to  be  retained  in  the  soil  much  more  tenaciously  than 
nitrate  of  soda,  so  that  it  need  not  be  applied  oftener  than  two  to 
four  times  a  year. 

In  the  use  of  potash  there  is  very  little  choice,  between  the  low- 
grade  sulphate,  which  is  also  called  the  double  salts  of  potash  and 
magnesia,  and  the  high-grade  sulphate  of  potash. 

In  selecting  phosphates,  preference  is  given  to  dissolved  bone  or 
dissolved  boneblack  over  dissolved  rock  phosphate,  although  some 
experienced  orange  growers  consider  the  phosphoric  acid  derived 
from  dissolved  rock  as  good  as  that  obtained  from  dissolved  bone. 
Thomas  slag  may  be  employed  to  good  advantage,  especially  on  soils 
giving  an  acid  reaction. 

The  ammonia  is  washed  out  of  the  soil  in  great  quantities  by  fre- 
quent and  heavy  rains.  Potash  is  washed  out  to  a  less  degree  and 
phosphoric  acid  only  to  a  slight  extent,  while  lime,  or  calcium,  is  lost 
in  large  quantities.  The  quantity  of  these  elements  lost  will  vary 
according  to  the  nature  of  the  soil  and  the  amount  of  heavy  rainfall 
occurring.  The  ideal  way  of  fertilizing  would  be  to  make  an  appli- 
cation of  phosphoric  acid  in  the  spring  before  the  rainy  seascm  has 
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CULTURE  OF  CITRUS  GROVES  IN   GULF  STATES.  11 

begun ;  to  make  two  applications  of  potash — one  in  the  early  spring 
at  the  time  of  applying  the  phosphate  and  another  in  the  fall  after 
the  rainy  season  has  passed ;  and  to  make  four  or  more  applications 
of  ammonia — one  with  each  application  of  the  potash  and  two  or 
more  at  equal  intervals  between,  except  during  the  dormant  winter 
season. 

The  following  example  will  serve  to  illustrate  the  point:  Let  us 
suppose  that  a  grove  needs  1,500  pounds  of  fertilizer  per  acre  per  year 
of  the  normal  formula,  that  is,  4  per  cent  ammonia,  10  per  cent  potash, 
and  6  per  cent  phosphoric  acid.  In  the  spring,  therefore,  before  the 
rainy  season  has  begun,  we  would  apply  the  entire  allowance  of  phos- 
phoric acid,  or  860  pounds  of  14  per  cent  acid  phosphate;  one-half 
the  potash,  or  150  pounds  of  high-grade  sulphate  of  potash ;  and  one- 
fourth  the  ammonia,  or  62^  pounds  of  high-grade  sulphate  of 
ammonia.  These  ingredients  may  be  mixed  and  applied  in  the  usual 
way.  Care  must  be  exercised,  however,  since  such  a  mixture  is  a 
very  concentrated  fertilizer,  and  if  applied  in  a  narrow  zone  around 
the  tree  injury  may  result  when  the  weather  conditions  make  possible 
the  too  rapid  assimilation  of  the  chemicals  o©  when  the  nature  of  the 
soil  itself  is  such  that  the  fertilizer  is  taken  up  too  quickly. 

For  the  fall  application,  150  pounds  of  high-grade  sulphate  of 
potash  should  be  mixed  with  62^  pounds  of  high-grade  sulphate  of 
ammonia.  The  remaining  125  pounds  of  sulphate  of  ammonia  should 
be  evenly  divided  and  applied  as  the  conditions  indicate.  In  this 
way  the  amount  of  plant  food  that  is  contained  in  1,500  pounds  of 
fertilizer  of  standard  formula  would  be  applied  during  the  year. 

The  proper  regulation  of  the  amount  of  ammonia  to  be  applied 
is  the  greatest  difficulty  in  preparing  a  complete  fertilizer  formula. 
The  presence  of  this'  element  in  too  large  or  too  small  quantities  in 
the  soil  or  in  the  fertilizer  appears  to  give  more  trouble  than  any 
other  ingredient.  Groves  are  very  frequently  injured  by  large  appli- 
cations of  ammonia.  A  very  common  practice  is  to  make  only  two 
applications  a  year  of  a  complete  fertilizer — one  during  the  spring 
and  one  during  the  fall.  Other  growers  make  three  applications — • 
one  during  the  early  spring,  one  later  in  the  spring,  and  another 
during  the  fall. 

STABLE  MAin7RE  OF  DOUBTFin.  UTILITY.' 

The  benefits  of  stable  or  barn  manure,  which  is  largely  used  by 
many  growers,  are  also  very  doubtful.  The  fruits  produced  by  nitro- 
gen from  this  source  are  usually  large,  coarse,  thick-skinned,  and  of 
inferior  flavor.  If  bam  manure  is  used,  however,  each  tree  should 
receive  only  a  small  quantity,  and  where  it  is  the  main  element  of 
fertilization  liberal  dressings  of  potash  should  occasionally  be  applied 
to  counterbalance  the  nitrogenous  fertilizer. 

^  See  Yearbook,  U.  S.  Department  of  Agriculture,  for  1894,  pp.  195  and  196. 
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12  CULTURE   OF   CITRUS  GROVES  IN   GULF   STATES. 

INJURIOUS  ACTION  OP  MUCK/ 

Some  growers  claim  that  since  muck  is  largely  decaying  vegetable 
matter  it  should  be  applied  to  the  grove  in  large  quantities,  either 
raw  or  composted  with  sulphate  of  potash,  etc  While  this  has  occa- 
sionally given  excellent  results,  its  extensive  use  has  often  done 
serious  injury.  In  order  to  obtain  a  smooth,  thin-skinned,  juicy 
fruit  with  few  or  no  seeds,  we  must  vary  the  fertilization  which  the 
plant  receives  in  its  wild  state.  The  tendency  of  all  organic  manures 
rich  in  nitrogen  is  to  stimulate  large,  sickly  growth.  Groves  which 
have  had  liberal  dressings  of  muck  are  frequently  much  diseased; 
their  crops  are  light,  the  oranges  coarse,  thick-skinned,  and  sour,  the 
fruit  drops  prematurely,  and  the  trees  are  often  affected  with  die- 
back.  What  has  been  said  of  muck  applies  to  a  greater  or  less  extent 
to  the  various  forms  of  organic  nitrogen  used. 

What  has  been  said  about  the  effect  of  muck  and  bam  manure  on 
the  quality  of  the  fruit  applies  equally  to  the  effects  produced  by 
cottonseed  meal,  blood  and  bone,  tankage,  etc.  In  general,  organic 
fertilizers  do  not  stimulate  fruiting  to  the  same  extent  as  the  mineral 
fertilizers. 

PEOTECTION  AGAINST  COLD. 

The  disastrous  free^ies  of  1894,  1895,  and  1899  in  Florida  and  those 
of  1912  and  1913  in  California  have  caused  the  orange  grower  to  cast 
about  for  some  means  of  protection  against  a  sudden  cold  wave. 
Two  general  methods  have  been  practiced:  The  first  is  that  of 
warming  the  air  without  providing  shelter  and  the  second  is  that 
of  providing  a  shed  or  shelter  for  the  trees. 

The  methods  of  raising  the  temperature  by  means  of  fires,  as  de- 
scribed in  the  following  paragraphs,  can  not  be  relied  on  if  the 
cold  weather  is  accompanied  by  high  winds  or  rainfall.  In  a  por- 
tion of  Florida  during  the  heavy  freeze  of  1899  not  only  a  heavy 
rainfall  but  heavy  winds  accompanied  the  cold.  All  attempts  at 
building  fires  were  useless,  and  even  if  they  could  have  been  built 
the  wind  would  soon  have  carried  the  warm  air  out  of  the  groves. 

A\Tien  a  very  moderate  breeze  is  blowing  and  the  temperature 
falls  only  4  or  5  degrees  below  the  danger  point,  fires  should  be 
increased  on  the  windward  side,  perhaps  doubled,  at  the  expense  of 
those  in  the  interior,  but  fires  should  not  be  extinguished  in  the 
interior  of  the  grove,  merely  reduced. 

PROTECTION  BY  HEAT. 

The  burning  of  different  kinds  of  fuel  in  an  orchard  for  the 
purpose  of  raising  the  temperature  has  been  employed  a  great  many 


1  Seo  Yoarbook,  U.  S.  l>ei)artment  of  Agriculture,  for  1894,  pp.  195  and  196. 
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times.  The  success  attending  the  work  varies  under  different  cir- 
cumstances and  with  different  conditions.  .When  the  drop  in  tem- 
perature is  accompanied  by  a  heavy  windstorm  and  rain  or  sleet, 
it  is  almost  impossible  to  accomplish  anything  in  the  way  of  orchard 
heating.  Fortunately,  freezing  weather  in  the  citrus  regions  is 
usually  accompanied  by  a  rather  still  atmosphere  and  freedom  from 
rain  or  snow. 

A  great  many  kinds  of  fuel  have  been  employed  for  orchard  heai- 
ing.  Wood  was  probably  the  first,  and  it  is  still  employed  to  some 
extent.  Coal,  coke,  and  fuel  oil  have  all  been  used  to  a  greater  or  less 
extent.  Each  of  these  fuels  may  have  special  advantages  over  others 
in  some  particular  place.  In  general,  it  may  be  said  that  the  fuel-oil 
method  has  given  satisfaction  more  frequently  than  all  the  others 
combined.  To  discuss  all  of  the  methods  fully  is  quite  beyond  the 
purpose  of  this  bulletin. 

FlTEIi  OILS. 

This  term  includes  a  variety  of  materials  known  under  many 
different  trade  names.  In  general,  they  are  the  heavy  residue  left 
after  the  lighter  oils  contained  in  the  petroleum  have  been  removed. 
A  fuel  oil  known  as  crude  oil  is  said  to  contain  a  large  quantity  of 
asphaltum,  which  becomes  quite  troublesome.  The  asphaltum  re- 
mains as  a  residue  in  the  bottom  of  the  heaters  and  interferes  with 
the  heating  when  the  fuel  bums  low. 

HEATERS. 

The  varieties  and  styles  of  heaters  offered  by  the  trade  are  nearly 
as  numerous  as  the  varieties  of  fuels.  Usually  the  more  complicated 
in  construction  the  heater  is,  the  less  efficient  it  becomes  in  its  prac- 
tical work  in  the  orchard.  Even  a  10-pound  lard  pail,  holding 
more  than  a  gallon  of  fuel  oil,  compares  very  favorably  in  efficiency 
with  the  patented  heaters,  in  some  cases  even  proving  superior  to 
them.  The  lard-pail  type  of  heater,  made  from  heavy  sheet  metal 
and  holding  about  5  quarts  of  oil,  can  usually  be  purchased 
from  heater  manufacturers  at  10  or  12  cents  apiece  when  ordered 
in  carload  lots.  In  this  type  of  heater  the  quantity  of  fuel  used 
and  the  heat  given  off  decrease  gradually  as  the  supply  in  the  heater 
is  consumed. 

The  lard-pail  type  of  heater  holding  a  gallon  of  fuel  oil  will  burn 
for  3J  to  4  hours,  varying  with  the  kind  of  fuel  oil  used  and  weather 
conditions,  giving  off  about  one-half  as  much  heat  toward  the  close 
as  at  the  beginning  of  the  charge.  When  a  soot  arrester  is  used,  the 
quantity  of  fuel  consumed  in  an  hour  is  much  reduced,  but  at  the  same 
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14  CULTURE  OP  CITKUS  OHOVES  IN  GULF  STATES. 

time  a  correspondingly  smaller  amount  of  heat  is  given  off.  There 
are  a  number  of  heaters  that  hold  a  much  larger  quantity  of  fuel  oil. 
Most  of  these  are  so  constructed,  either  by  means  of  a  soot  arrester  or 
otherwise,  that  the  quantity  of  oil  burned  can  be  regulated.  Ordi- 
narily these  are  to  be  preferred  to  the  smaller  type,  since  when  freez- 
ing weather  occurs  it  is  usually  of  more  than  four  hours'  duration. 
The  minimum  temperature  is  very  likely  to  occur  about  sunrise. 
Refilling  in  the  dark  is  difficult  and  wasteful. 

The  type  of  heater  with  a  sliding  top  to  regulate  the  area  of  the 
burning  surface  has  worked  quite  satisfactorily.  Roughly  speaking, 
44  square  inches  of  free  burning  surface  will  consume  a  gallon  of  fuel 
oil  in  four  hours.  It  has  been  pretty  clearly  demonstrated  by  experi- 
ment that  it  will  require  the  same  quantity  of  oil  to  raise  the  tem- 
perature 5  degrees  in  an  orchard,  whether  few  or  many  heaters  are 
used.  When  many  heaters  are  used  the  temperature  in  the  orchard 
can  be  maintained  much  more'evenly.  The  number  of  burners  needed 
per  acre  to  raise  the  temperature  5  degrees  will  vary  greatly,  accord- 
ing to  the  favorable  or  unfavorable  climatic  conditions  and  the  condi- 
tion of  the  grove.  A  small  grove  of  large  trees  closely  planted  and 
surrounded  by  a  dense  hammock  will  pass  unharmed  through  a  freeze 
of  25°  F.,  while  considerable  damage  would  be  done  in  a  grove  not  so 
protected.  Likewise,  the  number  of  heaters  required  in  the  former 
grove  would  be  fewer  than  in  an  open  grove  where  the  trees  are  small 
and  only  a  few  to  the  acre. 

From  50  to  100  heaters  and  from  100  to  200  gallons  of  fuel  oil  per 
acre  for  each  night  when  heating  is  necessary  is  a  reasonably  safe 
estimate  in  a  grove  7  to  10  years  old.  This  number  of  heaters  and 
quantity  of  fuel  oil  will  probably  keep  the  temperature  5  degrees 
above  the  surrounding  atmosphere  if  the  wind  is  not  blowing  more 
than  4  or  5  miles  an  hour.  Ordinarily  the  heaters  are  distributed 
evenly  throughout  the  grove,  placing  one  in  every  center  between 
four  trees.  This  requires  about  as  many  heaters  as  there  are  trees 
in  the  grove,  and  is  a  poor  rule  to  follow  absolutely,  since  a  grove 
of  small  trees  planted  far  apart  will  not  hold  the  heat  as  well  as  a 
grove  of  large  trees  planted  closely.  Every  grove  owner  will  have 
abundant  latitude  to  use  his  own  judgment  as  to  the  effect  of  the 
exposure  of  his  grove  and  the  other  elements  that  enter  into  the  ques- 
tion of  orchard  heating. 

Every  grove  supplied  with  heaters  should  have  in  it  a  thermometer 
that  will  sound  an  alarm  when  the  temperature  approaches  the 
danger  point.  Such  an  instrument  can  be  obtained  for  from  $7  to 
$20  from  instrument  manufacturers  and  dealers.  The  thermometer 
should  be  placed  in  that  part  of  the  grove  in  which  the  danger  from 
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frost  is  greatest,  and  the  wires  should  run  to  the  house  or  central 
oflSce. 

The  danger  point  will  vary  with  conditions.  At  blooming  time 
the  danger  point  is  highest  and  injury  may  then  occur  whether  the 
temperature  goes  down  to  32°  F.  or  not.  Mature  fruit  is  almost 
certain  to  remain  unharmed  unless  the  minimum  temperature  falls 
below  28°  F.  Trees  in  a  fully  dormant  condition  will  remain  un- 
harmed at  24°  F.,  but  when  full  dormancy  has  passed  the  trees 
become  increasingly  sensitive  to  cold.  When  in  full  growth,  frost, 
no  matter  at  what  temperature  it  occurs,  will  destroy  the  tender 
tissues. 

Every  grove  owner  should  be  in  direct  telephone  communication 
with  the  United  States  Weather  Bureau,  in  order  to  receive  warn- 
ings of  probable  frosts  and  freezes.  All  the  important  fruit-growing 
sections  receive  this  information  regularly  over  long-distance  tele- 
phones. 

STOBAGE  TAHKS. 

The  fuel  oil  should  be  stored  in  a  tank  located  preferably  in  the 
grove.  Where  possible,  it  should  be  so  placed  as  to  allow  the  oil 
to  be  siphoned  directly  into  it  from  the  car  tank,  and  then  from  it 
into  the  wagon  tank.  The  storage  tank  should  always  be  so  located 
as  to  enable  one  to  run  the  fuel  oil  into  the  wagon  tank  by  gravity. 
Pumps  work  satisfactorily  in  warm  weather,  but  are  apt  to  be 
troublesome  during  a  cold  spell.  They  also  require  extra  labor,  which 
could  be  more  advantageously  employed  in  the  grove.  A  break  in 
a  pump  will  cause  delay  and  may  make  the  fuel  inaccessible,  thus 
rendering  the  whole  plant  ineffective. 

Fuel  oil  may  be  stored  in  a  variety  of  receptacles,  the  least  desirable 
of  which  are  barrels.  Concrete  tanks  or  cisterns  with  tops,  such  as 
are  constructed  for  holding  water,  will  be  found  useful.  The  inner 
surface  should  be  finished  with  cement  plaster  and  finally  given  two 
or  three  coats  of  asphaltum  paint.  Steel  water  tanks  are  in  common 
use.  Wooden  tanks  similar  to  water  tanks,  made  of  upright  2-inch 
planks,  are  commonly  used  and  seem  to  be  thoroughly  practicable. 
Some  grove  owners  have  tanks  such  as  are  used  on  tank  cars  for 
hauling  fuel  oil,  but  these  would  seem  to  be  unnecessarily  expensive. 

COST  OF  HEATIHG. 

The  estimated  cost  of  preparing  to  heat  a  10-acre  grove  will  vary 
within  certain  limits.  No  two  groves  would  be  located  exactly  alike 
as  to  the  cost  of  heating.  The  distance  from  the  railroad,  number 
of  times  to  be  fired,  and  variation  in  price  of  labor  all  come  in  as 
variables. 
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The  following  table  gives  an  approximate  cost  for  a  10-acre  grove : 

500  to  1,000  heaters,  at  40  cents $200  to  $400 

One  steel  wagon  tank 25  to      30 

Torches  and  gasoline  can  for  lighting 10  to      12 

Thermometers  and  installing 12  to      25 

3,000  to' 6,000  gallons  of  fuel  oil 90  to    180 

Storage  tank   for  fuel   oil 100  to    300 

Total 437  to    947 

After  the  equipment  has  been  installed  the  expense  is  compara- 
tively light  and  includes  mainly  the  annual  depreciation,  care  of  out- 
fit, fuel  oil  burned,  transfer  to  storage  tank,  and  labor.  The  last 
item  will  vary  from  year  to  year.  AVhen  no  firing  is  needed  this  item 
will  be  comparatively  light.  At  firing  time  it  will  require  two  or 
three  additional  men  to  take  care  of  10  acres.  An  allowance  of  $6 
to  $10  for  each  night  fired  should  be  ample,  including  the  cost  of 
distributing  the  fuel  oil  for  the  next  charge.  In  extensive  groves 
and  where  large-size  heaters  are  used,  one  man  to  10  acres  will  be 
sufficient  to  take  care  of  the  fires,  but  additional  labor  will  be  needed 
to  replenish  the  fuel. 

WOOD  FIBES. 

In  a  wooded  country  the  form  of  protection  against  cold  afforded 
by  fires  is  cheap  and  at  the  same  time  very  effective  when  a  still 
cold  occurs.  The  wood  is  piled  in  the  centers  of  the  squares,  vary- 
ing in  quantity  from  three  or  four  to  a  half-dozen  or  a  dozen  sticks 
of  cord  wood.  When  a  freeze  is  predicted,  the  watchers  notice  the 
thermometer  and  by  the  time  the  cold  approaches  within  2  or  3 
degrees  of  the  danger  point,  which  is  28°  F.  for  fruit  and  24°  F.  for 
foliage,  fires  are  started  in  alternate  squares.  These  will  usually 
heat  the  grove  some  4  or  5  degrees.  If  the  cold  continues  to  increase, 
all  the  piles  of  wood  are  started.  It  is  of  course  necessary  to  have  on 
hand  a  reserve  stock  of  fuel  in  such  an  emergency.  Shortly  after  the 
sun  rises  the  next  morning  the  temperature  will  usually  have  risen 
again,  so  there  will  no  longer  be  any  danger  to  the  fruit  or  trees.  If 
there  is  no  favorable  change  in  the  weather,  the  cold  on  the  second 
night  is  quite  likely  to  be  more  severe  than  on  the  first.  Firing 
then  must  be  begun  much  earlier,  and  consequently  a  greater  quan- 
tity of  wood  will  be  needed. 

Owing  to  the  large  amount  of  labor  involved  and  the  difiiculty  of 
securing  efficient  help,  this  form  of  orchard  heating  has  been  largely 
abandoned. 
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PROTECTION  BY  niRIOATION. 

In  the  citrus-growing  sections  the  water  that  is  freshly  pumped 
from  the  soil  is  quite  wann,  ranging  from  50°  to  74°  F.  When  this 
water  is  carried  through  a  grove  in  irrigating  ditches  it  gives  off  a 
considerable  amount  of  heat  and  has  been  used  effectively  in  some 
instances  where  the  temperature  has  fallen  but  slightly  below  the 
danger  point. 

Arrangements  have  also  been  made  to  throw  this  water  into  the  air 
from  spray  nozzles.  This  is  somewhat  more  effective  than  when  the 
same  quantity  of  water  is  carried  through  irrigating  ditches,  but  can 
not  be  relied  upon  as  being  sufficient  during  extremely  cold  spells. 
During  one  cold  wave  the  orchard  of  Mr.  Theodore  Mead,  at  Oviedo, 
Fla.,  was  protected  in  this  way.  During  one  night  the  temperature 
fell  considerably  below  the  freezing  point.  The  next  morning  the 
trees  were  so  heavily  coated  with  ice  that  some  of  the  branches  broke. 
The  following  summer  the  trees  bore  a  crop  of  fruit. 

The  waters  from  artesian  wells  have  also  been  used  for  the  purpose 
of  warming  citrus  groves,  this  water  being  quite  warm,  running  into 
the  sixties  usually  and  as  high  as  74°  F.  in  some  wells.  While  this 
use  of  water  does  some  good  and  protects  that  portion  of  the  grove 
in  the  immediate  vicinity  of  the  large  flow,  the  amount  of  heat  given 
off  is  small  and  the  volume  of  water  supplied  is  not  considered  large 
enough  to  protect  the  grove  during  severe  freezes. 

PROTECTION  BY  SHEDS. 

The  most  successful  method  of  protecting  citrus  trees  from 
extremely  cold  weather  is  that  of  building  a  shed  over  the  grove.  At 
first  thought  this  would  seem  to  be  entirely  too  expensive  and  not  at 
all  feasible,  but  the  sheds  have  now  been  used  long  enough  to  demon- 
strate fully  that  they  are  not  only  possible  but  practicable.  There 
are  several  modifications  of  the  shed. 

This  method  was  successfully  employed  immediately  after  the  great 
freezes  and  was  profitable  while  Florida  oranges  brought  a  high  price. 
Orange  sheds  now  occur  to  a  limited  extent  and  only  in  regions 
where  great  damage  from  cold  formerly  occurred.  These  sheds  are 
simple  structures,  having  a  flat  roof  or  cover  held  up  by  posts.  The 
posts  are  properly  braced  and  hold  the  cover  from  12  to  16  feet  above 
the  ground.  Some  of  the  movable  tops  are  made  solid,  while  those  with 
stationary  tops  are  made  of  slats  or  laths  so  placed  as  to  give  either 
a  half  or  third  shade. 
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TOP-WOEKING. 

It  sometimes  happens  that  a  grove  is  planted  out  to  a  variety  that 
does  not  prove  prolific,  or  one  that  may  be  unprofitable  to  market 
In  such  a  case  it  becomes  necessary  to  abandon  the  grove  or  to  top- 
work  the  trees.  With  the  trees  in  a  healthy  and  vigorous  condition 
most  or  all  of  the  top  should  be  removed,  only  two  or  three  vigorous 
limbs  being  left  Buds  of  the  desired  variety  may  be  inserted  into 
the  remaining  limbs.  This  cutting  away  of  most  of  the  top  causes 
a  heavy  flow  of  sap  into  the  smaller  limbs  which  remain.  In  such 
cases  the  buds  will  "  take  "  where  they  would  fail  if  the  top  of  the 
tree  had  not  been  vigorously  cut  back. 

Another  way  of  top-working  is  to  cut  away  nearly  all  of  the  top 
and  then  wait  for  sprouts  to  start.    After  the  sprouts  have  reached  a 


Fig.  1. — Crown-grafting  an  old  orange  stock:  a,  Base  of  scion,  showing 
slanting  cut;  5,  method  of  Inserting  scion.  (From  Yearbook,  U.  S.  De- 
partment of  Agriculture,  for  1895.^ 

size  of  about  half  an  inch  in  diameter  they  may  be  budded,  and  the 
bud  will  take  readily.  When  trees  have  been  cut  back  severely,  the 
bodies  and  the  larger  limbs  should  receive  a  heavy  coat  of  whitewash 
to  protect  them  against  sun  scalding. 

Before  top-working,  the  orchardist  should  be  well  acquainted  with 
his  grove  and  soil.  In  a  very  large  portion  of  Florida  severe  top- 
pruning  results  in  die-back  unless  proper  fertilization  and  soil  treat- 
ment accompany  the  work. 

In  California  and  Louisiana  it  appears  to  be  safe  to  remove  the 
entire  top  and  to  work  buds  into  the  large  limbs.  For  top-working, 
the  shield  bud  and  sprig  graft  may  be  used  to  best  advantage. 
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At  times  it  becomes  desirable  not  to  permit  the  body  of  the  tree  to 
remain.    In  such  cases  it  may  be  cut  off  at  the  ground  line.    Some 
citrus  trees,  especially  limes,  resent  treatment  of  this  kind  and  fail 
to  grow  after  the  top  has  been  entirely  cut  off.    The  ordinary  citrus 
stock,  however,  is  almost  certain  to  sprout  again  if  treated  in  this 
way.    Large  are^s,  20  to  40  acres  in  extent,  were  sprouted  in  this 
way  after  the  great  freezes 
of  1894  and  1895  in  Florida 
without  the  loss  of  a  single 
healthy  stump. 

Trees  that  have  been  cut 
back  in  this  way  may  be 
crown-worked  or  crown- 
grafted,  as  illustrated  in 
figure  1,  the  sprig  being  in- 
serted in  the  portion  of  the 
crown  that  will  take  it  most 
easily.  By  slipping  the 
scion  into  the  portion  of  the 
crown  where  the  bark  may 
be  raised  without  breaking, 
the  work  maybe  done  with- 
out the  use  of  wax  or  other 
binding  material.  After 
the  scion  has  been  inserted, 
moist  earth  should  be  raked 
over  the  crown  and  around 
the  scion,  covering  them 
iintil  they  have  "taken," 
and  then  exposing  the  tips. 
Where  this  work  is  done  by 
experienced  hands,  only  a 
very  small  percentage  of  the  crowns  fail  in  taking  one  or  more  sprigs. 
Those  that  fail  to  take  may  be  workied  again  or  left  to  produce  sprouts 
and  then  budded  into  these  sprouts.  By  using  three  or  four  such 
scions  in  a  crown  4  or  more  inches  in  diameter  and  doing  the  work 
during  February  or  the  early  part  of  March  the  percentage  of  loss 
sustained  will  not  be  very  great. 

Another  method  of  renewing  such  an  orchard  is  to  wait  until  the 
sprouts  have  started  from  the  crown  or  the  main  roots.  After  these 
sprouts  have  reached  a  size  of  half  an  inch  or  so  in  diameter,  buds  are 
inserted  as  low  down  as  practicable.    In  doing  this,  however,  a  con- 
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siderable  loss  of  time  will  be  sustained  in  waiting,  first,  for  the 
sprouts  to  start  and  then,  again,  in  cutting  them  back  to  make  the 
buds  sprout.    The  loss  of  time  is  strikingly  illustrated  by  the  two 


Fig.  3. — Ruby  orange  crown  graft,  Inserted  March  1,  as  it  appeared  on  October  23. 

accompanying  figures  made  from  photographs  (figs*  2  and  3). 
This  method  of  budding  spi:outs,  although  it  results  in  some  loss  of 
time,  is  nevertheless  very  commonly  used  by  growers  because  of  its 
convenience. 
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LETTER  OF  TRANSMITTAL. 


United  States  Department  of  Agriculture, 

Bureau  of  Entomology, 
Washington,  D.  C,  April  19, 1913. 
Sir:  I  have  the  honor  to  transmit  for  publication  as  a  Farmers' 
Bulletin  a  brief  account  of  the  common  white  grubs. 

A  thorough  study  of  the  white-grub  problem  throughout  the 
United  States  has  recently  been  undertaken  by  the  Bureau  of  Ento- 
mology, cooperating  with  the  office  of  State  entomologist  of  Illinois, 
and  with  the  further  aid  of  the  Indiana  Agricultural  Experiment 
Station  and  Purdue  University.  As  this  investigation  has  only  fairly 
begun,  the  present  publication  is  in  no  sense  a  report,  but  is  merely 
intended  to  give  a  brief  summary  of  the  life  history  and  habits  of 
these  insects,  as  now  understood,  together  with  the  best  known  means 
of  controlling  them.  The  bulletin  has  been  prepared  with  special  ref- 
erence to  the  destructive  outbreak  of  1912  and  the  seemingly  strong 
probabilities  of  a  similar  infestation  in  1915. 

This  subject  is  of  the  greatest  importance  to  farmers,  whose  coop- 
eration is  much  needed  in  carrying  out  the  work  and  securing  prac- 
tical results  therefrom. 

Respectfully,  L.  O.  Howard, 

Entomologist  and  Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agricultwe, 

543 

2 


Digitized  by 


Google 


CONTEITTS. 


Pace. 

The  outbreak  of  1912 5 

Poesibility  of  an  outbreak  in  1915 6 

Life  history  and  habits 8 

Grubs  Ukely  to  be  mistaken  for  common  white  grubs 12 

Natural  enemies 13 

Methods  of  control 16 

Utilizing  hogs  and  poultry  for  destroying  the  grubs 16 

Fall  plowing 17 

Rotation  of  crops 18 

Collecting  the  grubs  and  beetles 18 

Spraying 19 

Special  directions 19 

In  the  lawn 20 

643 

3 


Digitized  by 


Google 


ILLUSTRATIOITS. 


Fig.  1.  White  grub  working  in  a  potato  tuber,  Tabor,  S.  Dak.,  1912 5 

2.  Typical  examples  of  May  beetles:  Lachnostema  creniUata  and  Lachno- 

stema/usca 6 

3.  Map  showing  the  invasion  of  white  grubs  in  1912 7 

4.  A  60-acre  cornfield  completely  destroyed  by  white  grubs,  Farmersbiu^, 

Iowa,  1912 7 

6.  A  cornfield  showing  characteristic  injury  by  white  grubs,  Lynxville, 

Wis.,  1912 8 

6.  A  cornfield  injured  by  white  grubs.  Galena,  111.,  1912 9 

7.  Eggs  of  white  grubs  in  their  natural  cells:  Immediately  after  deposi- 

tion; six  or  seven  days  later;  white  grubs  hatching 10 

8.  A  piece  of  sod  overturned  to  show  the  white  grubs  underneath,  Lan- 

caster, Wis.,  1912 12 

9.  Timothy  field  after  harvest,  showing  sod  overturned  by  crows  in  their 

search  for  white  grubs,  Galena,  111.,  1912 •. 13 

10.  Pyrgota  undatay  a  fly  parasite  of  May  beetles 14 

11.  Cocoons  of  wasps  that  prey  on  white  grubs:  Elis  sexcincta  and  Tipkia 

inomdta 15 

12.  Pasture  sod  overturned  by  swine  in  their  search  for  white  grubs,  Lan- 

caster, Wis.,  1911 16 

543 
4 


Digitized  by 


Google 


COMMON  WHITE  GRUBS.' 


The  common  white  grubs  (fig.  1),  or  grubworms,  as  they  are  often 
called,  have  for  years  been  recognized  as  among  the  most  serious 
pests  to  farm  crops,  notably  corn  and  timothy,  while  strawberries, 
potatoes,  and  nursery  plantings,  particularly  of  conifers,  have  all 
been  frequently  and  seriously  affected. 

These  pests  have  never  been  given  extended  economic  study,  ex- 
cept by  Dr.  S.  A.  Forbes,*  State  entomologist  of  Illinois,  to  whom 
we  are  indebted  for  nearly  all  of  our  practical  knowledge  of  the 
parent  May  beetles  (fig.  2)  and  their  progeny,  the  white  grubs. 


Fig.  1. — White  grub  working  in  a  potato  tuber,  Tabor,  S.  Dale.,  1912.     (Original.) 

THE  OUTBREAK  OF  1912. 

Probably  the  most  serious  outbreak  of  white  grubs  in  the  his- 
tory of  American  agriculture  occurred  in  1912,  following  an  abun- 
dance of  beetles  in  1911.  Injury  was  reported  from  almost  every 
section  of  the  country  north  of  the  Ohio  River  and  westward  to 
South  Dakota.  (See  fig.  3.)  In  the  West  the  center  of  abun- 
dance was  in  southwestern  Wisconsin,  while  in  the  East  it  seemed 
to  be  in  northeastern   Pennsylvania   and  southeastern  New   York.' 

^  Lachnosterna  spp. 

«  Insect  Life,  vol.  3,  no.  3,  pp.  239-245.  1891  ;   ISth  Rept.  State  Ent.  HI.,  pp.   109-144, 
1894;  ni.  Agr.  Exp.  Sta.,  Bui.  116.  1907. 
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Infestation  occurred,  however,  as  far  west  as  Tabor,  S.  Dak., 
and  though  no  serious  general  injury  was  found  west  of  eastern 
Iowa  there  were  scattered  occurrences  in  western  Iowa  and 
southern  Minnesota.  Throughout  the  southern  third  of  Wis- 
consin and  in  northern  Illinois  the  grubs  were  abundant,  espe- 
cially in  the  western  portions  of  those  sections.  Many  infestations 
were  also  reported  from  southern  Michigan  and  scattered  ones  from 
northern  Indiana  and  eastward  through  Ohio.  These  infestations 
again  became  general  in  northeastern  Pennsylvania,  southeastern 

New  York,  in  Connecticut,  and 
in  parts  of  New  Jersey. 

In  the  worst  infested  dis- 
tricts it  was  not  at  all  unusual 
to  find  from  40  to  00  grubs  in 
a  single  hill  of  corn.  Indeed, 
in  a  cornfield  near  McGregor, 
Iowa,  devoted  to  timothy  the 
previous  year  (1911),  Mr.  R.L*. 
Webster  and  the  writer  found 
seventy-seven  2-year-old  grubs 
in  an  area  2^  feet  square  and  5 
inches  deep.  This  really  rep- 
resented less  than  a  single  hill 
of  corn,  for  the  hills  in  this 
field  were  3|  feet  apart. 

From  a  personal  survey  of 
the  infested  territory  made  in 
1912  in  Iowa  (fig.  4),  Wiscon- 
sin (fig.  5),  and  Illinois  (fig. 
6),  as  well  as  from  reports  of 
farmers  and  others,  we  have  a 

Fig.  2.— Typical  examples  of  May  beetles  :  o,       very    conservative    estimate    of 

/rortrrarrz'f'c^H^n^.?"''''^"'"     the  damage  to  corn,  timothy, 

and  potatoes  in  these  States, 
aggregating  not  less  than  $7,000,000.  The  damage  to  the  same  crops 
in  the  other  infested  areas  can  not  be  figured  at  less  than  $5,000,000, 
which  brings  the  total  loss  in  1912,  exclusive  of  strawberries,  nursery 
stock,  lawns,  and  miscellaneous  crops,  to  not  less  than  $12,000,000. 

POSSIBinTY  OF  AN  OUTBREAK  IN  1915. 

Available  records  show  that  May  beetles  were  unusually  abundant 
in  1908,  the  grubs  causing  considerable  damage  in  Wisconsin,  Illinois, 
and  other  localities  in  1909  and  again  in  1912.  The  damage,  however, 
was  more  pronounced  in  these  localities  in  1912.  As  previously 
noted,  the  beetles  were  very  abundant  in  the  spring  of  1911,  thus  giv- 
ing rather  conclusive  evidence  that  the  life  cycle  of  the  more  abun- 
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Fig.  3. — Map  showing  the  invasion  of  white  grubs  in  1912.     (Original.) 


Pig.  4.— a  60-acre  cornfield  completely  destroyed  by  white  grubs,   Farmersburg,   Iowa, 

1912.     (Original.) 
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dant  and  injurious  species  in  those  localities  is  uniformly  three 
years.  We  may,  therefore,  be  reasonably  certain  that  in  1914  thr. 
beetles  will  again  be  unusually  abundant,  and  the  year  following 
(1915)  the  grubs  will  as  a  consequence  be  exceedingly  abundant  and 
destructive  unless  their  numbers  are  materially  reduced  by  natural 
enemies,  by  artificial  means,  or  by  adverse  climatic  conditions. 

LIFE  HISTORY  AND  HABITS. 

Our  knowledge  of  the  life  histories  of  the  white  grubs  of  the  genus 
Lachnosterna  is  very  meager.  There  is  only  one  published  record, 
involving 'a  single  species,  in  which  an  individual  belonging  to  this 
genus  has  been  reared  from  egg  to  adult.  In  the  case  of  this  species 
{L.  arcnata  Smith)  the  life  cycle  in  the  latitude  of  Washington,  D.  C, 


Fig.  5. — A  cornfield  .showing  characteristic  injury  by  white  j?rubs,  Lynxville,  Wis., 

19J2.      (OriKinal.) 

proved  to  be  three  years.^  From  observations  reported  by  Forbes, 
and  from  our  own  observations  and  rearing  experiments,  it  appears 
quite  certain  that  in  the  Northern  States  the  total  life  cycle  of  the 
more  injurious  species  is  three  years.  However,  in  the  case  of  i. 
tiistis  Fab.,  a  small  species,  and  one  which  we  have  recently  reared 
from  egg  to  adult,  the  life  cycle  is  only  two  years.  Mr.  W.  R.  Dicke- 
son,  of  Austin,  Tex.,  writing  of  the  damage  by  L.  farcta  Lee,  says, 
"  One  year  the  grub  bothers  us  and  the  next  year  the  May  beetle," 
which  is  circumstantial  evidence  that  this  sjiecies  has  only  a  2-year 
cycle  in  Texas.  The  total  life  cycle  in  all  the  species  occurring  in  the 
Southern  States  mav  be  onlv  one  or  two  years,  and  in  the  central 


»  r.  S.  Dcpt.  Ajjrr.,  Dlv.  Ent.,  Bui.  10,  u.  ser..  p.  77,  ISOO. 
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parts  of  Canada  it  may  possibly  extend  over  a  period  of  four  years, 
for  such  is  the  variation  of  the  life  cycle  in  the  closely  related  Euro- 
pean white  grub,^  which  has  a  4-year  cycle  in  northern  Germany  but 
only  a  3-year  one  in  southern  Germany. 

A  resume  of  the  life  of  the  injurious  generation  of  1912  is  as  fol- 
lows: Eggs  (fig.  7)  deposited  by  the  female  beetle  in  the  spring  of 
1911  hatched  a  few  weeks  later,  and  the  young  grubs  fed  the  first 
season  on  decaying  and  living  vegetable  matter  in  the  soil.  As 
winter  approached  they  protected  themselves  from  the  cold  by  bur- 
rowing deeper  into  the  ground,  remaining  there  inactive  until 
the  spring  of  the  following  jear   (1012),  when  they  returned  to  a 


Pig.  6. — A  cornflold  Injured  by  white  grubs,  Galena,  111.,  1912.     (Original.) 

position  near  the  surface,  feeding  on  the  roots  of  such  crops  as  were 
available.  In  this  the  second  year  they  did  the  maximum  amount 
of  damage.  In  the  fall  they  again  went  deep  into  the  soil,  to  return 
near  to  the  surface  in  the  spring  of  1913,  where  they  will  feed  as 
before  on  the  plant  roots  until  about  June.  They  will  th^n  prepare 
oval  pupal  cells  in  the  ground,  l>ecome  more  or  loss  inactive,  and 
later  change  to  the  pupal  or  true  dormant  stage.  The  adult  beetles, 
which  will  emerge  from  the  pupte  a  few  weeks  later,  will  remain 
in  the  pupal  cells  over  winter  and  will  emerge  the  following  spring 
(1914)  to  feed  and  mate  in  the  foliage  of  trees  and  shrubs  and  to 
deposit  their  eggs  in  the  soil  for  another  generation. 

»  Mclolonthn  vulgaris  I.. 

92170**— Bull.  r>43— 13 2  r^^^M^ 
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Unlike  the  grubs,  the  different  species  when  in  the  beetle  stage 
have  as  a  rule  different  food  preferences.  Certain  species  feed  almost 
exclusively  on  the  oak,  others  prefer  the  ash,  some  feed  indiscrimi- 
nately, etc.  The  trees  which  the  beetles  ordinarily  frequent  at  La 
Fayette,  Ind.,  are  the  ash,  oak,  poplar,  elm,  willow,  locust,  soft  maple, 
and  hackberry.  In  certain  localities  the  pine  seems  to  be  the 
preferred  food.     Mr.  H.  P.  Loding  reports  that  in  the  vicinity  of 


Fio.  7. — Eggs  of  white  grubs  in  their  natural  cells:  a.  Immediately  after  deposition; 
h,  six  or  seven  days  later ;  c,  white  grubs  hatching.     (Original.) 

Mobile,  Ala.,  he  has  collected  L,  prununculiiia  Burm.  and  Z.  micans 
Knoch  feeding  on  the  longleaf  pine,  which  indeed  appears  to  be  their 
favorite  and  in  some  cases  possibly  their  sole  food. 

In  the  latitude  of  Indiana  the  beetles  make  their  first  appearance 
the  last  of  April  or  first  of  May  and  continue  to  be  present  until  the 
first  or  middle  of  July,  the  period  of  greatest  abundance  being  be- 
tween the  middle  and  last  of  May.    They  swarm  to  the  trees  at  dusk 
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COMMON   WHITE  GRUBS.  11 

and  remain  there  feeding  and  mating  till  just  before  dawn,  when 
they  return  to  the  soil,  only  to  reappear  the  following  evening. 

Wlien  abundant  the  beetles  are  capable  of  defoliating  large  acreages 
of  timber,  often  resulting  in  the  death  of  many  of  the  trees  thus 
attacked.  In  1911,  40-acre  tracts  of  timber  were  completely  defoli- 
ated by  the  beetles  in  southwestern  Wisconsin.  According  to  wit- 
nesses, the  dropping  of  excrement  and  of  detached  leaves  at  night, 
when  the  beetles  were  feeding,  sounded  like  hail.  The  following  year, 
1912,  numbers  of  dead  and  dying  trees  were  observed  in  these  timber 
tracts,  their  death  in  most  cases  doubtless  resulting  from  the  loss  of 
foliage  the  year  before. 

Not  only  do  the  different  species  have  individual  food  preferences, 
but  they  also  differ  in  the  dates  of  emergence,  some  appearing  early 
and  remaining  throughout  the  season,  others  appearing  about  mid- 
season  and  remaining  only  a  few  weeks.  Some  species,  also,  occur 
only  at  the  higher  elevations,  while  others  appear  to  be  common  only 
at  the  lower  levels ;  but  whether  this  difference  is  due  to  a  difference 
of  elevation  or  to  the  character  of  the  flora,  or  to  a  combination  of 
the  two,  has  not  as  yet  been  determined. 

The  beetles  (fig.  2)  prefer  to  deposit  their  eggs  in  ground  covered 
with  vegetation,  in  the  immediate  vicinity  of  timber,  usually  choosing 
for  this  purpose  the  more  elevated  parts.  For  these  reasons  the  grubs 
are  ordinarily  found  most  abundant  in  the  higher  portions,  especially 
near  wooded  tracts,  of  fields  of  timothy  (fig.  8),  blue-grass  sod,  and 
small  grains,  or  in  any  ground  which  during  the  previous  year  was 
in  one  or  another  of  these  crops. 

The  eggs  (fig.  7,  a,  6,  c)  are  pearly  white  and  when  first  laid  are 
elongate,  measuring  about  one-tenth  inch  in  length,  but  six  or  seven 
days  after  oviposition  they  become  swollen  and  almost  spherical. 
They  are  deposited  in  the  soil  at  a  depth  ranging  from  1  to  8  inches, 
within  oval  cavities  in  the  center  of  balls  of  earth,  the  particles  of 
earth  forming  the  balls  being  held  together  by  a  glutinous  secretion 
supplied  by  the  female  beetle. 

The  very  young  grubs  seem  to  prefer  decaying  vegetation,  although 
under  certain  conditions,  especially  when  they  are  very  numerous, 
they  will  attack  living  roots,  as  was  the  case  in  Wisconsin  in  1011 
when  the  young  grubs  damaged  timothy  fields  (fig.  8).  As  might 
be  expected,  the  grubs  do  the  greatest  amount  of  damage  in  their 
second  year  and  to  the  early  plantings  in  their  third  year.  Wliile 
grubs  show  a  preference  for  certain  food  plants,  from  our  present 
data  the  grubs  of  different  species  do  not  appear  necessarily  to  have 
different  food  habits.  We  have  no  authentic  records  of  injury  to 
such  crops  as  clover,  alfalfa,  and  buckwheat,  and  from  all  observa- 
tions small  grains  are  less  attacked  and  injured  than  are  com,  tim- 
othy, strawberries,  and  potatoes. 
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12  COMMON   WHITE  GRUBS. 

QRUBS  UEELT  TO  BE  MISTAKEN  FOB  COMMON  WHITE  aBlTBS. 

It  is  important  that  the  grubs  of  May  beetles  should  not  be  con- 
fused with  similar  but  noninjurious  grubs  and  with  such  other  grubs 
as  may  be  injurious  but  which,  because  of  their  different  habits  and 
life  history,  necessitate  different  methods  for  their  control.  Prob- 
ably the  most  universal  mistake  is  the  general  belief  that  the  common 
white  grubs  of  the  field  and  the  white  grubs  found  in  manure  heaps 
and  rotten  logs  are  identical.  The  grubs  of  May  beetles  are  not 
known  to  breed  in  manure  or  refuse  of  any  kind.  The  most  common 
grubs  found  in  manure  are  the  immature  forms  of  certain  brown 
beetles^  which,  like  the  May  beetles,  frequent  lights,  and  would 
doubtless  be  mistaken  for  the  latter  by  an  inexperienced  person. 


Fig.  8. — A  piece  of  sod  overturned  to  show  the  white  grubs  underneath,  Lancaster, 
Wis.,  1912.     (Original.) 

Another  grub  commonly  mistaken  for  a  grub  of  a  May  beetle  is 
that  of  the  southern  green  June  beetle,^  which  has  frequently  been 
reported  as  injuring  grass  and  other  vegetation  in  localities  south 
of  latitude  39°,  or  even  farther  north  along  the  Atlantic  coast.  The 
grub  of  the  green  June  beetle  seems  to  prefer  soils  more  or  less 
heavily  fertilized  with  manures,  and  besides,  entirely  unlike  the 
common  white  grubs,  it  makes  definite  burrows  which  usually  open 
at  the  surface  and  which  it  may  inhabit  continuously  for  longer  or 
shorter  periods  of  time.  For  this  reason  grubs  of  this  species  will  come 
to  the  entrance  of  their  burrows  and  even  crawl  out  upon  the  ground 

1  Hgyru»  gibboaua  De  G.  and  L.  relictus  Saj\ 
^Allorhina  nitida  L. 
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COMMON   WHITE   GRUBS.  13 

when  the  land  is  flooded  with  water.  This  characteristic  also  offers 
us  a  satisfactory  means  of  controlling  the  grub  of  the  green  June 
beetle  when  in  lawns  or  small  areas.  (See  p.  20.)  Again,  this  grub 
may  be  distinguished  from  the  true  white  grubs  by  its  general  appear- 
ance, and  especially  by  its  peculiar  and  characteristic  method  of 
crawling  on  its  back  when  placed  on  the  surface  of  the  ground. 

NATUEAL  ENEMIES. 

The  white  grubs  and  May  beetles  are  preyed  upon  by  numerous 
birds,  mammals,  and  insects,  all  of  which  are  more  or  less  useful  in 
reducing  their  numbers.  Probably  the  most  important  of  these  ene- 
mies are  the  birds,  especially  crows  and  crow  blackbirds.     Fields  of 


Fig.  9. — Timothy  flold  after  hnrvost,  showlnp  «!od  owrtiirned  by  crows  In  their  search 
for  white  grubs,  Galena,  111.,  lOlii.      (Original.) 

timothy  sod  have  been  literally  overturned  by  crows  in  their  search 
for  grubs  (see  fig.  9),  and  in  some  fields  the  grubs  were  almost 
exterminated  by  them.  Crows  have  often  been  observed  following 
the  plow  in  infested  fields,  eagerly  picking  up  every  grub  that  was 
unearthed.  Mr.  Henry  Ilolzinger,  of  Lancaster,  Wis.,  said  that 
crow  blackbirds  followed  the  plow  in  great  numbers  where  he  was 
turning  over  a  sod  field  in  the  spring  of  1912.  In  one  instance  he 
watched  a  single  blackbird  eat  many  grubs,  apparently  its  full 
capacity,  and  then  gather  as  many  as  it  could  hold  in  its  beak  and 
fly  away.  In  this  case  the  bird  destroyed  in  all  20  grubs  in  about 
1  or  2  minutes.  This  habit  of  eating  a  large  number  of  grubs 
and  then  flying  away  with  its  beak  full  was  reported  as  a  common 
occurrence  with  the  blackbird.     Mr.  Fred  Nelson,  of  Tabor,  S.  Dak., 
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14  COMMON   WHITE  GRUBS. 

stated  that  his  attention  was  directed  to  the  unusual  abundance  of 
grubs  in  his  field  in  the  fall  of  1911  by  the  blackbirds  which  came 
in  flocks  and  followed  him  as  he  plowed.  He  soon  learned  that  they 
were  gathering  grubs.  After  picking  up  several  grubs  each  bird 
would  fly  back  to  the  trees  a  short  distance  away  and  soon  return. 
Thus  there  was  a  continuous  flight  from  the  trees  to  the  ground  and 
from  the  ground  to  the  trees.  Besides  crows  and  blackbirds  prac- 
tically all  of  our  common  birds  feed  on  white  grubs  or  their  adult 
forms,  the  May  beetles.  The  Biological  Survey  has  found  these 
insects  in  the  stomachs  of  more  than  60  species  of  birds. 

Domestic  fowls  may  properly  be  classed  as  natural  enemies  of 
white  grubs,  although  their  usefulness  is  largely  controllable.  All 
farm  poultry  are  fond  of  these  insects,  and  where  possible  should 
be  given  the  run  of  infested  fields  at  the  time  of  plowing.  The 
turkey  especially  is  valuable  in  this  capacity,  and  the  writer  has 

seen  infested  timothy  and  sod  fields  liter- 
ally overturned  by  these  birds  in  their 
search  for  grubs. 

Among  the  undomesticated  mammals 
which  feed  on  the  grubs  the  skunk,  or  so- 
called  polecat,  is  probably  the  most  valu- 
able,^ and,  indeed,  some  farmers  have 
gone  so  far  as  to  attribute  the  increase  in 
these  insects  to  the  decrease  in  numbers 
Fio.  10.— p If roota  nnOata,  a  fly  of  the  skuuks,  which  are  being  rapidly 
ZZIU.    fortsmarr"-      killed    off  by   trappers.     In   a   field   of 

winter  wheat  at  Lagro,  Ind.,  the  grubs 
were  reported  cutting  off  the  young  wheat  plants,  and  when  the  fields 
were  examined  a  few  days  later  (November  3,  1911)  a  skunk  hole 
3  to  5  inches  in  depth  was  found  at  nearly  every  stool  of  wheat  which 
had  been  attacked  by  the  grubs,  and  in  every  case  the  animal  had 
invariably  captured  the  culprit.  In  northeastern  Iowa  many  large 
landowners  observed  the  grub-eating  habits  of  the  skunk  during  the 
recent  severe  outbreak,  and  have  signified  their  intention  from  now 
on  of  protecting  this  friend  of  the  farmer.  Innumerable  instances 
of  this  nature  illustrating  the  value  of  skunks  could  be  cited. 

A  number  of  predaceous  and  parasitic  insects  have  been  reported 
as  attacking  the  grubs  and  May  beetles,  and  of  these  enemies  it  is 
probable  that  such  common  and  generally  distributed  forms  as  the 
black  digger  wasp,  TipMa  inomata  Say,  and  another  wasp,.£'Z/« 
sexcincta  Fab.,  both  of  which  attack  the  grub,  together  with  a  fly, 
Pyrgota  undata  (fig.  10),  which  attacks  the  adult  beetle,  are  the  most 

1  The  domestic  hog  is  the  most  efficient  of  all  Ki'ub  destroyers  where  it  can  be  utilized. 
It  is  fully  discussed  in  this  connection  under  ''  Methods  of  control,**  p.  16. 
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beneficial.     The  Tiphia   larva,  after  devouring  the  grub,  forms  a 
characteristic   cylindrical-ovate,  light   brown,  woolly   cocoon   about 
three-fourths  inch  in  length  (fig.  11,  6),  and  from  tHis  the  jet  black 
digger  wasp  emerges  the  following  spring.     It  in  turn  mates,  and 
the  female  reenters  the  soil  and  there  deposits  its  eggs  on  the  grub, 
usually  fastening  them  on  the  back  of  the  latter  just  behind  the  head. 
The  Elis  cocoon  (fig.  11,  a)  differs  from  the  Tiphia  cocoon  (fig.  11,  6) 
in  that  it  is  elliptical,  slightly  longer,  and  comparatively  smooth. 
The   adult   emerging 
therefrom  is  about  the 
same  size  as  the  Tiphia 
wasp,  or  slightly  larger, 
and  the  black  abdomen 
is   transversely   striped 
with  yellow.     The   co- 
coons of  both  of  these 
parasites  are  frequently 
turned  out  by  the  plow, 
especially  in  fields  badly 
infested  with  white 
grubs.    The  parasitic  fly 
Pyrgota  undata  Wied.^ 
l^fig.    10)    attacks   only 
the  beetle,   usually   de- 
positing  its   egg  with- 
in the  body  of  the  beetle 
as  the  latter  flies  from 
leaf  to  leaf  or  to  the 
ground  at  night.     The 
larvae   hatching   from 
these     eggs     gradually 
kill  the  beetle,  although 
as  a  rule  the  latter,  if 
a  female,  is  capable  of 
copulating  and  of  depositing  eggs  for  some  days  after  being  para- 
sitized; consequently  this  parasite  may  not  be  so  valuable  as  might 
at  first  be  anticipated. 

Several  fungous  and  bacterial  diseases  have  been  reported  attacking 
the  grubs  and  beetles,  but  the  knowledge  of  these  is  as  yet  superficial. 
Occasional  outbreaks  of  these  diseases  have  been  reported,  and  it  is 
highly  probable  that  they  serve  as  valuable  natural  checks.  In 
Europe  certain  of  these  diseases  have  been  artificially  grown  and  used 
to  destroy  the  grub,  but  there  seems  to  be  a  divergence  of  opinion 

*  It  has  been  found  that  another  species  of  Pyrgota  (/*.  ralUla  Harr.)  Is  parasitic  on 
the  beetles,  and  this  species  may  prove  to  be  equally  as  Important  as  P.  undata. 


Fig.  11. — Cocoons  of  wasps  that  prey  on  white  grubs: 
a.  Klis  scjrcincla :  b,  Tiphia  inomata.  Natural  size. 
(Original.) 
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16  COMMON  WHITE  GKUBS. 

as  to  their  value  when  used  in  this  manner,  and  the  feasibility  of 
their  use  for  this  purpose  is  still  an  open  question. 

METHODS  OF  CONTKOL. 

All  gwieral  measures  here  discussed  and  recommended  are  pre- 
ventiveirather  than  remedial,  for  once  white  grubs  are  present  in  a 
field  of  corn  or  other  crop  there  is  no  means  as  yet  known  of  pro- 
tecting .that  particular  crop  from  its  ravages.  On  the  other  hand, 
there  are  certain  cultural  and  other  practices  which  will  greatly 
minimize  the. damage  in  succeeding  years. 


Fig.   12. — Pasture  sod  overturned  by  swine  In  their  search  for  white  grubs,   Lancaster, 

Wis.,  1911.     (Original.) 

TTTILIZING  HOOS  AND  POULTRY  FOR  DESTROYING  THE  ORUBS. 

An  infested  field  may  be  thoroughly  cleared  of  grubs  by  pasturing 
it  with  hogs,  and  this  method  should  be  followed  wherever  possible. 
Hogs  are  very  fond  of  grubs  and  will  root  to  a  depth  of  a  foot  or 
more  in  search  of  them.  (See  fig.  12.)  Such  pasturing  may  be  done 
at  any  time  during  the  summer,  but  it  should  not  be  delayed  later 
than  the  middle  of  October  nor  should  it  be  practiced  earlier  in 
spring  than  April  in  the  latitude  of  central  Indiana  or  May  in  the 
latitude  of  Wisconsin,  since  at  other  times  the  grubs  will  probably 
be  in  their  winter  quarters,  deep  in  the  ground,  and  a  large  percentage 
may  then  escape  the  hogs. 
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It  should  be  noted  here  that  the  giant  thom-headed  won»^  an 
intestinal  worm  attacking  swine,  passes  one  of  the  early  stages^wf  its 
life  within  the  white  grub,  and  hogs  become  infested  with  these  mvrms 
by  feeding  on  infested  grubs.  The  grubs  in  turn  become  iirfested 
through  the  excrement  of  infested  swine.  In  the  grub-infested  tocali- 
ties  of  Iowa,  Illinois,  and  Wisconsin  visited  by  the  writer  this  kttesti- 
nal  worm  is  quite  prevalent,  but  inasmuch  as  most  of  the  swine  in 
these  regions  are  slaughtered  before  they  are  1  year  old  the  prevalence 
of  the  worms  in  this  region  is  of  little  if  any  importance.  Precau- 
tions should  be  taken,  however,  to  protect  the  animals  from  infesta- 
tion where  possible.    In  this  connection  Dr.  S.  A.  Forbes  says :  ^ 

Pigs  which  have  never  been  pastured  are  certain  to  be  free  from  these  para- 
sites, and  grubs  growing  In  fields  which  have  not  been  pastured  by  pigs  are  like- 
wise certain  to  be  free  from  them.  The  use  of  such  pigs  upon  such  fields  would 
consequently  be  without  danger  from  this  source,  and  a  little  attention  to  these 
facts  will  avoid  any  injurious  consequences.  That  is,  if  pigs  not  previously 
allowed  to  run  out  are  turned  into  fields  on  which  pigs  have  not  been  pastured 
within  three  years,  there  will  be  no  danger  that  they  will  become  Infested  by 
these  thorn-headed  worms.* 

In  1912  the  writer  observed  a  field  in  which  half  of  the  com  was 
uninjured  and  free  from  grubs,  while  the  other  half  was  badly  dam- 
aged. The  previous  year  both  halves  of  this  field  had  been  in  timo- 
thy, but  with  this  difference :  The  half  where  the  injury  occurred  was 
left  for  hay  and  the  other  half  was  fenced  off  and  pastured  with 
dairy  cows.  The  only  plausible  explanation  seems  to  be  that  the  tram- 
pling of  the  ground  by  the  cows  killed  the  eggs  and  grubs  in  the 
field,  or  else  that  the  ground  had  been  trampled  sufficiently  previous 
to  the  flight  of  the  beetles  to  prevent  them  from  entering  the  soil  and 
laying  eggs. 

Domestic  fowls  should  be  given  the  run  of  infested  fields,  and 
especially  when  the  land  is  being  plowed,  for  they  are  very  fond  of 
grubs  and  will  destroy  large  numbers. 

During  the  years  of  great  abundance  of  the  beetles  hogs  should  be 
turned  into  orchards  and  timber  lots  during  the  period  of  flight  (May 
and  June),  since  a  majority  of  .the  beetles  pass  the  day  just  below  the 
surface  of  the  soil  beneath  or  near  the  trees  upon  which  they  have 
been  feeding  the  night  before,  and  will  be  eagerly  sought  and  eaten 
by  the  hogs. 

FALL  PLOWING. 

Where  it  is  impracticable  to  pasture  hogs  in  an  infested  field  much 
good  can  be  accomplished  by  plowing  the  land  in  the  fall.  The  plow- 
ing should  be  done  late  in  fall,  but,  on  the  other  hand,  it  should  not 
be  delayed  until  cold  weather  sets  in  or  until  the  ground  becomes 
chilled  and  frosty,  for  then  the  grubs  will  have  gone  down  to  their 

^  Echinorhynchus  gifjas. 

«  Fort>es,  S.  A.     On  the  life  history,  habits,  and  economic  relations  of  the  white  grubs 
and  May  beeties  (Lachnosterna).    111.  Agr.  Exp.  Sta.,  Bui.  116,  p.  479,  August,  1907. 
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18  COMMON   WHITE  GRUBS. 

winter  quarters  beyond  the  reach  of  the  plow.  Ordinarily  the  best 
time  to  plow  is  between  October  1  and  October  15.  In  1913  deep 
plowing  at  any  time  in  the  fall^  especially  in  early  faU^  will  he  of 
special  valvs  in  those  regions  where  the  grubs  were  so  destructive  in 
1912^  since  the  grubs  ivill  then  have  changed  to  pupce  and  adult 
beetles^  and  these  will  be  destroyed  if  the  pupal  cells  in  which  they 
pass  the  winter  are  disturbed, 

R0TATI01<r  OF  CBOPS. 

Since  the  beetles  usually  deposit  their  eggs  in  fields  of  grass,  tim- 
othy, and  small  grains,  the  crops  planted  in  these  fields  the  year  fol- 
lowing a  season  of  beetle  abundance  should  be  those  which  are  the 
least  susceptible  to  grub  injury,  such  as  small  grains,  buckwheat, 
clover,  alfalfa,  and  peas.  Care  should  always  be  exercised  in  the 
selection  of  a  crop  to  follow  sod  or  old  timothy  ground,  even  though 
the  beetles  were  not  noticed  as  especially  abundant  the  preceding 
year.  Where  hogs  can  be  pastured  on  the  land  the  fall  or  spring 
previous  to  planting,  as  discussed  in  another  paragraph,  the  grubs 
wUl  be  practically  eliminated. 

COLLECTING  THE  GBTTBS  Ain>  BEETLES. 

Where  it  is  possible  to  secure  cheap  labor,  collecting  the  grubs  after 
the  plow  is  practicable,  especially  where  the  grubs  are  numerous.  In 
Europe  children  are  often  employed  to  gather  grubs  in  this  manner 
and  to  collect  the  beetles  as  described  below. 

Collecting  the  cockchafer  or  Maikafer,  a  beetle  very  closely  related 
to  the  May  beetle,  is  a  common  practice  in  European  countries,  but 
so  far  as  known  the  attempt  to  collect  May  beetles  on  an  extensive 
scale  in  the  United  States  has  never  been  made.  Three  methods  may 
be  employed  in  beetle  destruction:  (1)  Collecting  from  plants  upon 
which  they  feed  at  night,  (2)  trapping  at  lights,  and  (3)  poisoning 
their  food  plants. 

In  Europe  beetle  collecting  has  proved  of  value  largely  because 
the  years  of  abundance  of  the  beetles  have  been  definitely  known  in 
advance,  while  in  America  this  has  not  been  the  case.  Now,  however, 
there  is  proof  that  the  beetles  occurring  in  such  abundance  in  many 
parts  of  the  United  States  in  1911  (the  parents  of  the  destructive 
generation  of  grubs  in  1912)  have  a  life  cycle  of  three  years,  and  it 
is  reasonably  certain  that  they .  will  continue  to  be  exceptionally 
abundant  in  these  regions  every  three  years  unless  killed  off  by  their 
natural  enemies,  by  artificial  means,  or  by  unfavorable  climatic  con- 
ditions. Beetle  collecting  in  the  Old  World  has  also  proved  prac- 
ticable, first,  because  of  the  organized  cooperative  movement  by  the 
farmers  for  the  collection  of  the  beetles;  second,  because  a  small 
bounty  is  paid  for  the  beetles;  and,  third,  because  of  laws  which  in 
some  countries  require  each  farmer  to  collect  a  certain  quantity  of  the 
grubs  or  beetles  each  year.     Individual  action  is  useless,  and  only 
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where  whole  communities  or  neighborhoods  cooperate  in  the  work  is 
it  effective. 

In  collecting  from  food  plants  large  cloth  sheets  are  placed  under 
the  tree  and  the  latter  jarred,  or  in  the  case  of  large  trees  individual 
branches  may  be  shaken  by  using  a  long  pole  provided  with  a  hook 
at  the  end.  The  beetles  are  then  gathered  up  from  the  sheet  and 
placed  in  cans,  bottles,  or  boxes  and  afterwards  killed  with  carbon 
bisulphid.  Killed  in  this  manner  they  may  be  fed  to  chickens,  pigs, 
etc.,  but  if  they  are  not  to  be  used  for  such  purposes  they  may  be 
killed  by  dropping  them  in  cans  containing  water  and  just  enough 
kerosene  oil  to  cover  the  surface.  Different  species  have  different 
food  preferences,  but  as  a  rule  beetles  are  most  abundant  on  the  oak, 
walnut,  poplar,  hackberry,  willow,  ash,  and  elm.  Collections  may  be 
made  at  any  time  during  the  night,  but  the  best  time  for  this  work 
is  in  the  early  morning,  before  4.30  o'clock,  at  a  time  when  the 
beetles  are  easily  jarred  from  the  foliage.  It  is  essential  that  col- 
lecting be  begun  as  soon  as  the  beetles  appear  in  the  spring — that  is, 
before  the  beetles  have  begun  to  lay  their  eggs — and  it  should  also 
be  borne  in  mind  that  each  female  beetle  destroyed  early  in  the 
season  means  the  destruction  of  from  50  to  100  grubs  which  she 
might  have  produced. 

Light  traps  have  not  as  yet  proven  satisfactory  as  a  means  of 
control  against  May  beetles,  the  prime  objection  to  this  method 
being  that  the  light  attracts  the  males  to  the  almost  total  exclusion 
of  the  females.  Further  tests  with  this  method  must  be  made,  and 
it  is  possible  that  the  light  may  prove  attractive  to  the  female  beetles 
in  years  of  unusual  abundance  if  placed  close  to  the  trees  or  shrubs 
upon  which  they  feed. 

SPRAYING. 

Spraying  trees  upon  which  the  beetles  feed,  with  Paris  green  or 
arsenate  of  lead,  is  effective  against  the  beetles,  but  ordinarily 
this  method  is  impracticable  owing  to  the  large  size  of  the  trees, 
which  would  necessitate  large  and  expensive  power  sprayers.  With 
a  more  definite  knowledge  of  the  preferred  food  plants,  it  may  be 
found  practicable  in  some  localities  to  plant  low-growing  trees  and 
shrubs  about  fields  as  traps  for  the  beetles,  which  might  then  be 
destroyed  by  spraying. 

SPECIAL  DIRECTIONS. 
In  those  regions  in  which  the  grubs  were  so  abundant  and  destruc- 
tive in  1912  certain  special  directions  and  precautions  may  prevent 
a  repetition  of  the  damage  in  1915.  As  has  already  been  stated,  the 
parents  of  the  grubs  of  1912  appeared  in  the  spring  of  1911  and  laid 
the  eggs  which  hatched  into  the  grubs.  Practically  no  damage 
occurred  that  year,  but  in  1912,  when  about  half  grown,  the  grubs 
caused  great  loss.  These  grubs  will  continue  active  in  the  spring 
of  1913  and  may  injure  certain  early  plantings,  but  by  early  June 
most  of  the  grubs  will  have  become  more  or  less  inactive  and  later 
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will  change  to  the  dormant  or  pupal  stage,  transforming  to  beetles 
about  August.  They  will  remain  in  the  soil  as  beetles  over  winter, 
appearing  above  ground  in  the  spring  of  1914.  Small  grain  may. 
with  comparatively  safety,  be  planted  in  1913  on  land  infested  in  1912. 
If  infested  ground  must  be  utilized  for  corn,  potatoes,  or  other  sus- 
ceptible crops  in  1913,  planting  should  be  delayed  as  long  as  possible, 
in*  which  case  injury  will  be  minimized  or  may  be  wholly  prevented. 
In  1914  a  maximum  acreage  of  such  crops  as  com  and  potatoes  should 
be  planted,  and  these  should  be  kept  thoroughly  cultivated  during 
the  flight  of  the  beetles.  Land  which  is  planted  to  small  grain, 
timothy,  and  other  crops  which  cover  the  ground  with  vegetation  at 
the  time  of  the  flight  of  beetles  should  be  planted  in  fields  farthest 
from  trees,  and  such  fields  should  be  planted  the  following  year 
(1915)  to  crops  least  susceptible  to  white-grub  injury,  such  as  clover, 
alfalfa,  small  grains,  and  buckwheat.  In  addition,  the  methods 
which  have  already  been  discussed,  namely,  the  use  of  hogs  and 
domestic  fowls,  fall  plowing,  and  the  gathering  of  beetles  and  grubs, 
should  be  practiced. 

IN  THE  LAWN. 

No  reliable  remedy  can  be  offered  for  the  destruction  of  grubs  in 
lawns.  Where  possible,  poultry,  especially  turkeys,  should  be  allowed 
the  run  of  the  infested  area.  Hogs  will  of  course  rid  the  ground  of 
grubs,  but  they  will  likewise  tear  up  the  sod  and  are  not  usually 
desirable  in  cities.  ^Vhen  badly  infested^  the  removal  of  sod  and  the 
gathering  of  the  grubs  by  hand,  and  later,  fall  plowing,  will  probably 
prove  satisfactory.  If  the  infestation  is  not  severe,  liberal  applica- 
tions of  commercial  fertilizer  will  assist  the  grass  in  overcoming  the 
grub  injury.  It  has  been  demonstrated  in  Europe  by  Decoppet  ^  that 
carbon  bisulphid  injected  into  the  soil  at  a  depth  not  exceeding  6 
inches,  at  the  rate  of  1  to  IJ  ounces  in  six  or  eight  holes  per  square 
yard,  will  considerably  diminish  the  number  of  grubs.  Decoppet 
experimented  with  an  European  white  grub,^  and  it  appears  quite 
probable  that  this  method  would  prove  satisfactory  for  our  white 
grubs  when  they  appear  in  lawns.  It  might  be  mentioned  here  that 
carbon  bisulphid  may  be  injected  with  excellent  result^?  into  the  holes 
of  the  grub  of  the  southern  green  June  beetle,  which  is  frequently 
quite  destructive  to  lawns  in  the  Southern  States.  In  using  carbon 
bisulphid  care  should  be  exercised  never  to  permit  a  spark  of  fire  to 
come  near  it,  for  it  is  extremely  inflammable,  and  its  vapor,  mixed 
with  air,  is  explosive.  Holes  in  which  the  carbon  bisulphid  is  in- 
jected should  be  closed  with  a  plug  of  soil  or  sod  immediately  after 
the  injection,  to  prevent  the  escape  of  the  fumes. 

1  Bui.  Soc.  Vuud.  Soi.  Nat.,  5ni('  sor.,  t.  48,  no.  176,  pp.  xxxv-xxxvl,  June.  1912. 
Abstr.  in  Tntornat.  Inst.  Agr.  (Rome),  Bui.  Bur.  Agr.  Intel,  and  Plant  Diseased,  vol.  a. 
no.  6,  pp.  145C-1457.  1912,  and  In  U.  S.  Dept.  Agr.,  Experiment  Station  Record,  vol.  27, 
no.  7,  pp.  661-(502,  1912. 
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The  Increasing  prevalence  of  potato  diseases  and  the  extent  to  which  these  are  carried 
over  on  seed  makes  It  desirable  to  present  Infoimatlon  regarding  methods  of  control  as  a 
basis  for  a  campaign  for  the  use  of  disease-free  seed  potatoes. 
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IHTBODTTCTION. 

The  average  yield  per  acre  of  potatoes  in  the  United  States  is  not 
more  than  half  what  might  reasonably  be  expected.  This  shortage 
is  attributable  to  a  variety  of  causes,  including  numerous  diseases,  a 
lack  of  well-adapted  varieties,  failure  to  fertilize  liberally  and  to 
cultivate  intensively,  and  neglect  of  crop  rotations.  The  fact  that  in 
several  States  the  long,  hot  summers  are  unfavorable  for  potato  cul- 
ture also  tends  to  lower  the  average  production  of  the  country. 

Potato  diseases  constitute  an  exceedingly  important  factor  in 
American  potato  culture  and  require  every  grower  who  aims  toward  a 
high  standard  to  exercise  the  closest  watchfulness,  not  only  at  the  time 
of  planting  and  throughout  the  growing  season,  but  at  the  harvest 
and  during  the  winter  storage.  The  use  of  disease-infected  seed  is 
one  of  the  principal  causes  of  failure  to  germinate,  and  poor  stands 
are  responsible  for  many  low  yields;  other  diseases  introduced  in  seed 
injure  or  kill  the  growing  plants;  scabby,  deformed,  or  otherwise 
affected  potatoes  bring  a  lower  price  in  the  market ;  losses  in  storage 
or  in  transit  result  from  infections  by  decay-producing  organisms. 
New  troubles  are  constantly  being  introduced  from  foreign  countries 
on  imported  potatoes.  They  effect  a  lodgment  in  one  of  our  seed- 
producing  districts  and  are  thence  distributed  to  all  parts  of  the 
country.  Our  soils  thus  become  infected  and  are  permanently  or  for 
several  years  thereafter  rendered  less  suitable  for  potato  production. 

At  no  time  is  there  a  better  opportunity  to  improve  the  quality  and 
increase  the  quantity  of  the  potato  crop  through  prevention  of  disease 
than  before  planting.  This  bulletin  directs  attention  particularly  to 
those  troubles  affecting  the  tubers  or  carried  on  them  which  should 
be  taken  into  consideration  in  selecting  the  seed  stock  for  planting. 

There  are  peculiar  conditicms  in  the  United  States  which  make  this 
a  subject  of  wide  and  general  interest.  A  large  part  of  our  terri- 
tory lying  in  the  Southern,  South-Central,  and  Western  States  secures 
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better  results  from  planting  seed  potatoes  grown  near  our  northern 
border  in  Maine,  New  York,  Minnesota,  etc.,  than  frcwn  home-grown 
stock.  There  has  consequently  grown  up  a  large  trade  in  potatoes 
which  are  annually  shipped  long  distances  for  planting. 

Furthermore,  there  is  taking  place  a  constant  extension  of  potato 
culture  into  districts  where  this  crop  has  not  previously  been  grown. 
This  development  is  most  notable  in  the  newly  irrigated  parts  of  the 
West,  in  the  recently  deforested  portions  of  Minnesota,  Wisconsin, 
and  Michigan,  and  in  the  trucking^  districts  of  the  Gulf  States.  In 
each  case  the  seed  supply  has  to  be  brought  from  outside,  and  in  far 
too  many  cases  no  attention  is  paid  to  the  elimination  of  disease. 
That  it  might  be  practicable  to  keep  these  new  soils  free  from  in- 
fection by  rigid  exclusion  of  diseased  stock  is  not  realized  in  time. 
Few  growers  and  few  conmiunities  profit  from  the  experience  of 
others,  but  must  be  convinced  by  personal  losses.  The  opportunity  of 
keeping  a  district  free  from  infection  will  not  come  again,  for  most 
diseases  remain  for  considerable  periods  in  the  soil  and  are  not  easily 
exterminated.  Furthermore,  the  principal  potato  troubles  have 
already  been  widely  disseminated. 

The  responsibility  of  seed  dealers  in  this  matter  is  large.  The  in- 
terest of  the  local  dealer  in  the  continued  maintenance  of  productivity 
of  a  region  is  as  great  as  the  farmer's,  and  few  of  them  would  know- 
ingly risk  the  introduction  of  pests  that  might  threaten  the  prosperity 
of  their  section,  yet  through  lack  of  foresight  and  knowledge  this  has 
often  been  done. 

THE  PBINCIPAL  DISEASES  AND  THEIR  CONTBOL. 

There  are  several  minor  diseases  of  the  potato  tuber  that  are  not 
discussed  in  this  bulletin.  Some  insect  injuries,  also,  are  not  infre- 
quently confused  with  the  diseases,  but,  in  the  main,  the  troubles 
which  the  potato  grower  should  know  and  watch  for  in  selecting  seed 
are  included.  No  attempt  has  been  made  to  treat  each  trouble  fully 
or  to  give  technical  details,  but  a  description  has  been  given,  which, 
taken  in  connection  with  the  illustrations,  should  make  the  recogni- 
tion of  each  disease  a  simple  matter.  The  most  successful  means  of 
control  are  outlined.  At  the  end  of  the  bulletin  (p.  14)  is  a  general 
discussion  of  seed  inspection,  disinfection,  and  methods  of  growing 
and  distributing  healthy  seed  potatoes. 

DISEASES  AFFECTING  THE  SKIN  OF  TE^  TUBER 

More  or  less  superficial  injuries  are  caused  by  several  scab  organ- 
isms, parasites  of  the  periderm  and  outer  layers.  A  discussion  of 
the  most  important  follows, 
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Ck>iniiion  Scab. 

Common  scab,  a  widely  prevalent  and  familiar  disease,  is  caused  by 
a  parasitic  organism  previously  considered  a  low  type  of  fungus 
{Oospora  scabies  Thax.),  though 
more  recent  work  indicates  that  it 
is  more  closely  related  to  certain 
soil-inhabiting  bacteria.  It  pro- 
duces rough,  scabby,  or  pitted  spots 
on  the  potato  (fig.  1),  which  may 
spread  and  cover  the  whole  tuber. 
They  are  sometimes  made  deeper 
through  the  work  of  small  insects. 
Beets  and  turnips  are  also  occa- 
sionally attacked. 

This  parasite  appears  to  be  pres- 
ent in  many  soils  and  to  be  able  to 
live  there  for  years,  particularly  if 
the  land  is  not  acid.    It  is  believed 

that  the   planting  of  infected  po-  

tatoes  is  the  chief  agency  of  spread.     Fiq.  i.— a  potato  affected  with  com- 
It    is   therefore  recommended   that  ^^^  ^^  ' 

all  seed  stock  be  disinfected  before  planting  by  soaking  two  hours 
in  a  solution  of  formaldehyde  (1  pint  to  30  gallons  of  water).    This 

treatment  should  be  given 
whether  any  scab  is  detected 
or  not,  as  the  infection 
may  nevertheless  be  present. 
Slightly  scabby  potatoes  are 
not  objectionable  for  planting 
if  disinfected,  but  very  scabby 
ones  are  usually  rejected,  as 
the  eyes  may  be  affected. 
Treatment  of  seed  will  not  be 
suflScient  if  the  soil  is  infected 
with  the  scab  fungus;  a  long 
rotation  of  other  crops  then 
becomes  necessary. 

Scab  requires  a  neutral  or 
alkaline  soil  reaction  for  its 

FI0.2.-A    potato    affected   with    russet    scab,       *^St      development.        It      doeS 
showing  the  rusaeting  and  cracking,  associ-       not    OCCUr    on    distinctly    acid 

e^i^^ll*"''"'^' """*'"'''*'' ''"'''''"     soils  unless  an   alkaline   fer- 

tilizer  is  used.  Lime,  fresh 
stable  manure,  and  wood  ashes  all  promote  scab,  so  these  materials 
should  not  be  used  on  the  potato  crop.    Whether  they  can  be  applied 
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to  another  crop  in  the  rotation  depends  upon  the  degree  of  acidity 
present,  which  can  be  ascertained  only  by  actual  field  experiments 
or  by  having  the  lime  requirements  of 
the  particular  field  in  question  deter- 
mined by  chemical  tests.  If  used  at  all, 
it  is  advisable  to  apply  them  to  the  crop 
immediately  following  potatoes  in  the 
rotation  system. 

Acid  soils  may  yield  clean  crops 
from  scabby  seed,  but  if  they  are  later 
made  alkaline  by  lime  or  manure  scab 
may  develop.  The  use  of  commercial 
fertilizers,  especially  those  containing 
chlorids,  such  as  kainit  or  muriate  of 
potash,  tends  to  bring  about  an  acid 
condition  of  the  soil.  Plowing  un- 
der green  crops  like  rye  has  been 
recommended  as  an  expedient  for  re- 

ducing  scab  injury   in   infected  soils,  ^'ti^eroU^'l^^^^Z^^^.  pT 
but  experiments  have  shown  that  this      tato. 

is  not  always  effective. 

Busset  Scab. 

A  second  form  of  scab,  or  russeting,  on  potatoes,  which  is  com- 
mon in  the  West,  is  shown  in  figure  2.     This  is  attributed  to  the 

sterile  fungus  Rhizoctonia,  but 
has  not  yet  been  well  worked  out. 
It  often  occurs  in  association 
with  the  common  scab.  The 
fungus  is  conspicuous  for  its 
brown  mycelial  strands  and 
black  sclerotia,  which  appear 
on  the  outside  of  the  tuber,  as  in 
figure  3,  where  no  direct  injury 
to  the  potato  has  resulted  and 
the  black  bodies  can  be  scraped 
off.  Such  fungous  masses  are  so 
common  that  it  is  sometimes 
difiicult  to  find  seed  stock  en- 
tirely free  from  them.  Heavily 
spotted  potatoes  should  not  be 
FiQ.  4.— A  potato  affected  with  powdery  planted.  A  second  stage  of  this 
^^*^-  fungus  occurs  as  a  white,  felty 

covering  on  the  bases  of  gotato  stalks  in  late  summer. 

This  fungus  appears  to  act  as  a  parasite  mainly  in  heavy,  poorly 
aerated,  or  overirrigated  soils.     It  is  the  cause  of  seedling  troubles 
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of  many  plants,  including  cotton,  beets,  and  beans,  and  may  cause 
lesions  on  the  potato  stem  at  the  soil  line  and  below.  If  girdled,  the 
plant  forms  numerous  aerial  potatoes.  If  the  lesions  are  on  the 
stolons  the  small  potatoes  are  cut  off,  and  large  vines  with  small  and 
few  tubers  result.  This  trouble  is  more  common  in  irrigated  dis- 
tricts than  in  the  East. 

This  disease  is  not  to  be  combated  by  seed  disinfection,  as  the 
black  sclerotia  of  the  fungus  are  not  killed  by  the  ordinary  for- 


Fio.  5. — A  potato  affected  with  potato  wart     (From  Journal  of  Board  of  Agriculture.) 

maldehyde  treatment.  Selections  of  lighter  types  of  soil,  rotation  of 
crops  to  add  humus,  and  deep  preparaticfn  and  culture  to  maintain 
a  good  physical  condition  of  the  soil  are  important. 

Powdery  Scab. 

Powdery  scab,  a  new  type  caused  by  a  parasite  {Spongospora 
solani  Brunch.)  quite  different  from  that  causing  the  common  Ameri- 
can scab,  has  recently  been  introduced  from  Europe  into  Canada  and 
may  be  found  in  this  country.  This  differs  from  the  common  scab 
in  the  character  of  the  spots,  which  are  first  covered  and  later  break 
out  into  brown,  powdery  masses.  (Fig.  4.)  In  many  cases  this  dis- 
ease forms  swellings  or  excrescences  on  the  tuber.  Since  it  is  likely 
that  this  will  prove  to  be  a  quite  serious  disease  it  should  be  carefully 
watched  for  and  promptly  reported. 
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Potato  Wart 

Among  threatening  diseases  not  yet  introduced,  but  which  should 
be  watched  for  and  reported  by  American  growers,  the  potato  wart 
{Synchitrhim  endohioticum  Perc.)^  is  the  most  serious.  This  fonns 
irregular,  warty  excrescences  on  the  tubers  (fig.  5),  sometimes  en- 
tirely destroying  them.  The  importation  of  potatoes  from  countries 
where  this  disease  exists  has  been  prohibited,  but,  unknown,  it  may 
already  have  gained  a  foothold  somewhere.  Any  suspected  case. 
should  be  reported.    This  disease  is  more  fully  described  in  Farmers' 

Bulletin   480,   entitled   "Two   Dan- 
gerous Imported  Plant  Diseases." 

Silver  Scurf. 

A  new  disease,  silver  scurf  {Spon- 
dylocladium  atroinrens  Harz)  (fig. 
6),  has  recently  been  introduced 
from  Europe  and  is  spreading  rap- 
idly in  our  Eastern  States.  This  dis- 
ease is  marked  by  dark  areas  on  the 
skin  of  the  tuber,  which  on  close  ex- 
amination may  be  seen  to  be  spotted 
with  fine  black  points.  This  fungus 
does  not  produce  a  decay  of  the  po- 
tato, but  after  the  skin  is  killed 
there  is  a  rapid  loss  of  moisture  and 

Pig.  6. — A  potato  affected  with  sll-  ,  ,  t_    •      i  j     x   i 

ver  scurf.  The  lower  part  of  thi«  the  tubers  shrivel  and  take  on  a 
tuber  iH  affected :  the  upp«r.  nor-  silvery  appearance,  greatly  depre- 
ciating  their    market   value.     This 

fungus  is  apparently  not  killed  by  seed  disinfection;  therefore  all 

infected  potatoes  must  be  rejected. 

DISEASES  OF  THE  STEM  AND  VASCULAB  SYSTEM. 

Black-Legr. 

A  serious  disease  of  the  potato  plant,  which  can  be  controlled  by 
seed  selection  and  treatment,  is  black-leg.  This  is  marked  by  the  up- 
ward rolling  and  yellowing  of  the  young  or  half-grown  plants 
and  by  the  black,  shriveled  condition  of  the  stem,  from  the  seed  piece 
to  above  the  ground.  (Fig.  7.)  The  cause  is  a  bacterial  organism. 
{Bacillus  phytophthorus  Appel  and  related  forms),  carried  in  the 
seed  potatoes.    An  extreme  case  of  a  tuber  affected  with  black-leg  is 

1  This  disease  Is  also  known  as  potato  canker  and  black-scab. 
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shown  in  figure  8.    Others  may  show  only  a  browning  of  the  vessels 
at  the  stem  end. 

Black-leg  apparently  came  to  us  from  Europe.    It  is  spreading  in 
the  Northern  States,  but  is  of  especial  consequence  to  the  southern 
trucker,  as  it  takes  a  more  virulent  form  in  the  South.     Growers 
of  seed  potatoes  should  take  every  means  to  eliminate  black-leg  from 
their  fields,  and  southern  purchasers  should  insist  that  this  be  done. 
Dr.  W.  J.  Morse,  of  the  Maine 
experiment  station,  in   1911  ad- 
vised that  all  bruised  and  cracked 
tubers  be  rejected  when  planting 
and   that   the   selected   stock   be 
treated  as  for  scab.    He  said : 

Those  who  were  intending  to  plant 
only  selected,  treated  seed  were  advised 
to  reject  all  tubers  when  cutting  which 
showed  any  discolored  areas  In  the 
flesh,  particularly  those  which  showed 
browned  or  blackened  rings  at  the 
stem  end,  no  matter  how  slight  As  a 
further  precaution  it  was  recommended 
that  extra  knives  and  a  jar  of  formal- 
dehyde solution  be  provided  when  cut- 
ting seed  and  if,  by  chance,  a  diseased 
tuber  was  cut,  the  knife  blade  could  be 
dropped  into  the  disinfecting  solution 
for  a  time  and  another  used  in  its  place.* 

The  seed  should  not  be  cut  until 
immediately  before  planting  and 
must  not  be  allowed  to  become 
contaminated  after  treatment. 

Fusarlum  Wilt. 


Fig.  7. — A  potato  plant  affected  with 
black-leg  in  the  summer  stage,  the  re- 
sult of  planting  diseased  tubers.  The 
lower  part  of  the  stem  is  shriveled  and 
black ;  the  leaves  are  yellow  and  rolled 
upward. 


A  brown  or  black  discoloration 
of  the  stem  end  of  the  tuber  when 
cut  across,  one-fourth  to  one-half 
inch  deep,  should  condemn  it  for 
planting.  Several  diseases  infect 
the  stem  end  in  this  way,  but  per- 
haps the  most  serious  is  the  Fusarium  wilt.  Potatoes  showing 
the  stem-end  discoloration  characteristic  of  this  disease  are  shown  in 
figure  9.  The  fungus  causing  this  wilt  {Fiisarium  oxysporum 
Schlecht)  enters  the  plant  through  the  small  roots  and  works  up- 
ward in  the  wood  vessels,  which  are  so  filled  that  a  wilting  or  pre- 
mature death  of  the  plant  results.     It  overwinters  in  the  tubers  and 


>  Maine  Agricultural  Experiment  Station  Bulletin  194,  p.  208,  1911. 
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has  been  widely  spread  by  the  use  of  infected  seed,  particularly  iii 
the  Central  and  Western  States,  where  it  has  caused  great  reductions 
in  yield.  Potatoes  from  wilted  plants  are  more  subject  to  the  stem- 
end  dry-rot  mentioned  on  page  12.     It  is  advised  that  no  lot  of 

potatoes  be  planted  any 

material  number  o  f 
which  show  a  deep  brown 
or  black  discoloration  at 
the  stem  end.  Cases 
may  be  cited  where  such 
seed  gave  a  satisfactory' 
yield,  but  the  land  was 
thereby  infected  and  in 
the  end  will  become  \in- 
productive  from  this 
cause. 

VerticiUium  WUt. 

Fig.  8.— a  potato  affected  with  black-leg,  showing  J^    -^il^    disease    SOme- 

decay  starting  from  the  stem  end.  i.    x     •      •!       x     t7« 

what  similar  to  Fusarium 
wilt  is  caused  by  another  fungus  {Verticilliium  alboatrum  Reink.  and 
Berth.).    This  is  marked  by  a  stem-end  discoloration  of  the  tuber 
blacker  than  that  of  the  Fusarium  wilt,  by  a  more  rapid  wilting,  and 
by  a  geographic  range  more  to  the  north.     The  wilted  plants  are  con- 
spicuous   enough    in 
the  field  to  make  it 
practicable  to  dig  and 
destroy    the    affected 
hills  during  the  sum- 
m  e  r.     All      affected 
tubers  should   be  re- 
jected for  planting. 

Bacterial  Wilt. 

In    the    South    At- 
lantic     States       from        *^"-  ^' — J^otatoes  affected  with  Fusarium  wilt,  showing 
_,,      .  -  ^-        _        -  stem-end  discoloration  of  the  vascular  ring. 

Florida  to  Maryland 

a  bacterial  wilt  is  not  infrequent.  This  parasite  {Bacterium  solana- 
cearum  Erw.  Sm.)  also  attacks  tomatoes,  eggplants,  and  peppers. 
The  foliage  wilts  suddenly.  The  wood  vessels  of  the  stem  are  dis- 
colored, and  the  potato  shows  a  dark  ring  and  usually  decays  quickly. 
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(Fig.  10.)  When  this  disease  occurs  in  the  fall  crop  the  product 
should  not  be  used  for  planting  purposes.  No  other  practical  method 
of  control  has  been  worked  out.  Since  nearly  all  the  southern  crop  is 
grown  from  seed  obtained  from  northern  sources,  where  bacterial  wilt 
does  not  occur,  the  disease  is  not  often  a  serious  factor  in  commercial 
potato  production. 

TUBEB  BOTS. 

Late-Blight  Dry-Bot. 

One  of  the  most  destructive  diseases  in  the  New  England  and 
North -Central  States  is  the  late-blight,  due  to  a  fungus  {Phytoph- 
thara  infestans  De  By.)  which  destroys  the  foliage  in  seasons  of  cool, 
moist  weather.    This  is  followed  by 
a    rot,    marked    by    sunken,    dark 
spots  on  the  tuber  (fig.  11)  and  by 
a  brown  discoloration  of  the  flesh 
extending  in  from  the  outside  (fig. 
12).     Under  storage  conditions  this 
is  typically  a  dry-rot,  but  in  the 
field   it   more   frequently   becomes 
a  soft  rot,  because  other  organisms 
follow  the  late-blight  fungus. 

Affected  potatoes  should  be  dis- 
carded in  planting,  because  they 
generally  fail  to  germinate.  This 
disease  is  a  common  cause  of  broken 
stands  in  potato  fields.  Late-blight 
is  preventable  by  thorough  spray- 
ing during  summer  and  fall  with 
Bordeaux  mixture.  This  spraying 
should  be  especially  well  done  on 
fields  intended  for  seed  purposes, 
for  the   potatoes  become   infected 

with    dry-rOt^  by    spores    from    the      ^^    io._Potatoes  affected  with  bacter- 

blighting  foliage  at  or  before  the  lai  wiit,  showing  wilting  of  stem  and 
harvest.  This  infection  is  often  '"^^^  ^°^  ^"^'^^^"^  °'  *"^'"- 
not  apparent  when  the  potatoes  are  put  in  storage,  but  it  develops 
during  the  winter  unless  the  temperature  of  the  cellar  is  kept  just 
above  the  freezing  point.  Cool  storage  is  consequently  a  vital  factor 
in  the  preservation  of  seed  potatoes  in  seasons  when  late-blight  is 
prevalent.  The  disease  may  develop  on  potatoes  shipped  south  in 
the  fall  for  seed  purposes,  unless  the  best  of  storage  conditions  are 
provided. 
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12  POTATO-TUBER  DISEASES. 

The  presence  of  late-blight  dry-rot  on  the  potatoes  planted  is 
thought  to  promote  the  early  appearance  of  the  foliage  blight  the 

next  summer,  provided  the  cool, 
moist  weather  required  for  its 
development  occurs.  The  dis- 
ease is  thus  carried  to  the  South 
Atlantic  trucking  districts  and 
develops  as  leaf-blight  during 
the  spring,  whereas  in  the 
North  it  prevails  in  late  sum- 
mer. 

Powdery  Dry-Bot. 

Outside  of  the  regions  where 
the  late-blight  occurs,  storage 
rot  of  potatoes  is  caused  prin- 
cipally by  three  or  four  species 
of  Fusarium  which  attack  the 

Pig.  11.— a  potato  affected  with  dry-rot  fol-      potato  through  WOUnds  Or  fol- 
lowing  late-blight.     External  view.  j^^  ^j^^  ^.j^  ^^^^^^^     ^^^  ^^^ 

serious  of  these  is  one  most  prevalent  in  the  Western  States,  called 
the  powdery  dry-rot  {Fusarium  trie  hot  hecioides  Wr.),  illustrated  in 
figure  13.  While  this  is  pri- 
marily a  wound  parasite,  it  often 
spreads  very  rapidly  in  potatoes 
in  transit  to  market  or  stored 
under  unfavorable  conditions. 
It  does  not  attack  the  growing 
plant  to  any  extent,  but  if  partly 
affected  potatoes  are  planted, 
the  fungus  lives  through  the 
summer  and  attacks  the  next 
crop  after  it  goes  into  storage. 
For  this  reason  all  potatoes  show- 
ing any  signs  of  decay  should 
be  rejected  for  planting.  The 
crop  should  be  stored  at  a  low 

temperature    immediately    after 
•I*       •  1    i!  u      J.*  ^o.  12. — ^A  potato  affected  with  late-blight 

digging,  before  any  heatmg  can  ^^rrot   Cross  section. 

take   place.     The   greatest  care 

should   be   taken   to   avoid   bruising  the   potatoes  in   digging  and 

handling.    Storage  cellars  should  be  well  cleaned  and  disinfected. 

Forms  of  external  dry-rot,  caused  by  other  fungi  closely  related 
to  the  foregoing,  are  not  infrequent  on  injured  tubers  wherever 
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Fig.    13.- 


-A    potato    aflPected    with    powdery    dry-rot. 
Section  through  a  diseased  tuber. 


potatoes  are  grown.    Care  in  handling  and  the  rejection  of  partly 
decayed  potatoes  for  planting  are  the  best  preventive  measures. 

OTHEB  TITBEB  DIS- 
EASES. 

Intemal  Brown-Spot. 

When  dry,  brown  spots 
are  scattered  through 
the  flesh  of  the  potato 
and  are  not  restricted  to 
the  vascular  ring,  we 
have  a  disease  known 
as  internal  brown-spot. 
CFig.  14.)  This  is  not 
a  parasitic  trouble,  for 
the  spots  consist  of  dead 
cells  free  from  bacteria  or 
fungi.  Intemal  brown- 
spot  is  associated  with 
dry  soils  or  lack  of  water  at  some  period  during  the  growth  of  the 
tuber  and  is  worse  on  some  varieties  than  on  otliers.  It  may  indi- 
cate that  the  variety  is  not  adapted  to  the  soil.     This  disease  is  not 

carried  in  the  seed.  Its  occurrence 
depends  upon  soil  and  climatic  con- 
ditions. The  question  has,  however, 
never  been  settled  whether  affected 
seed  will  produce  as  large  a  crop 
as  healthy  seed,  and  many  would 
reject  such  i^otatoes  on  general  prin- 
ciples. 

Eelworm. 

In  the  Western  States  and  to  some 
extent  in  the  South  the  eelworm,  or 
root-knot  nematode  {Heterodera  rad- 
icicola,  (Greef)  Mill.),  must  be  reck- 
oned with  as  a  factor  in  potato  cul- 
ture. This  trouble  is  (Ijiie  to  a  mi- 
nute worm  which  attacks  the  tubers, 
causing  a  knotty  and  irregular  ap- 
pearance. (Fig.  15.)  When  cut  into,  such  potatoes  show  a  line  of 
glistening  spots  just  beneath  the  skin.     (Fig.  16.)     All  such  pota- 
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toes  are  unfit  for  planting  and  constitute  a  serious  danger,  in  that 
they  may  carry  the  pest  from  one  farm  to  another.  Infested  soils 
must  be  rotated  in  crops  not  subject  to  this  pest,  as  described  in 
Circular  Xo.  91  of  the  Bureau  of  Plant  Industry.  The  control  of 
this  disease  is  further  treated  in  Bulletin  No.  217  of  the  Bureau  of 
Plant  Industry. 

DISEASES  NOT  AFPABENT  IN  THE  TXJBEB& 

There  has  lately  come  into  prominence  a  group  of  diseases,  includ- 
ing leaf-roll  and  curly-dwarf,  which  are  carried  in  the  tubers  but 
which  can  not  be  detected  by  tuber  inspection. 
These  are  dangerous  troubles,  combatable  only 
by  securing  healthy  seed  stock  from  another 
district.  The  freedom  of  a  stock  from  this 
type  of  disease  can  be  determined  only  by  in- 
spection of  the  growing  crop,  preferably  twice, 
once  at  the  time  of  blooming  and  a  second  time 
shortly  before  the  harvest. 

THE  CHOICE  OF  SEED  POTATOES. 

Summarizing  the  suggestions  in  the  preced- 
ing discussion  it  is  urged  that  all  seed  stock  be 
carefully  inspected  before  purchase  or  use 
for  planting  and  that  such  stock  be  rejected 
if  any  material  number  of  tubers  are  found  to 
have  the  stem-end  browning,  indicative  of  the 
wilt  diseases  or  the  internal  decay  caused  by 
the  black-leg  parasite. 

Dry-rot,  either  of  the  late-blight  or  powdery 

type,  unfits  potatoes  for  planting,  and  badly 

bruised  or  wounded  potatoes  are  also  likely  to 

*''°w.th-;;fwrs:\tr«   give  tmsatisfactory  results 

the    Irregular,    knotted       Eclworm-infcsted  potatoes  should  never  be 

appearance  of  the  out    planted.     The  only  means  of  restricting  the 

side  of  the  tuber.  1  '^  •      x        /»     ^     i 

spread  of  silver  scurf  is  to  reject  affected 
potatoes.  Any  suspected  cases  of  wart  disease  or  powdery  scab 
should  be  sent  to  a  competent  authority  for  identification. 

All  potatoes  for  planting  should  be  disinfected  by  soaking  two 
hours  in  a  solution  of  1  pint  of  formaldehyde  to  30  gallons  of  water, 
and  after  treatanent  should  not  be  allowed  to  come  in  contact  with 
old  sacks  or  barrels  that  might  reinfect  them.  A  formaldehyde-gas 
treatment,  adapted  to  the  disinfection  of  entire  cellars  at  one  time, 
has  been  tried,  but  for  the  average  grower  the  treatment  by  soaking 
is  to  be  preferred. 
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Finally,  the  purchaser  of  seed  should  insist  on  being  supplied 
with  high-grade  stock,  to  the  end  that  the  producer  will  be  forced 
to  control  preventable  diseases  where  the  seed  stock  originates. 

WHAT  FOEM  OF  LEaAL  SEGTTLATION  OF  THE  SEED  TEASE  IS 

BEST? 

With  the  increased  losses  from  potato  diseases  and  the  growing 
realization  of  the  danger  in  diseased  seed  stock  there  have  been 
several  plans  suggested  for  the  improvement  of  conditions  through 
legal  enactments  involving  inspection,  treatment,  or  the  prohibition 
of  the  shipment  of  diseased  stock. 
However  desirable  these  may  be  in 
theory,  their  application  to  actual  trade 
conditions  is  full  of  difficulty,  and  un- 
wise or  impracticable  restrictions  might 
involve  both  shipper  and  purchaser  in 
expense  or  loss  disproportionate  to  the 
advantage  gained.  The  vast  quantity 
of  potatoes  used  for  planting  makes 
official  inspection  costly  and  treatment 
still  more  so.  The  short  period  of  dig- 
ging in  the  North  compels  the  greatest 
haste  in  all  farm  operations  on  account 
of  the  imminent  danger  of  freezing 
weather.  It  must  further  be  recognized 
that  many  of  the  potato  diseases  are  not 
familiar  to  the  growers  and  dealers  and 
might  be  overlooked  in  their  incipient 
stages.  The  most  easily  detected  dis- 
ease— the  scab — does  not  destroy  the 
value  of  potatoes  for  seed  if  disinfec- 
tion be  practiced.  ^^«-  l^-^''^^f^'lfl  T""""  ""' 

*'  a  potato  affected  with  eelworms. 

One  form  of  regulation  suggested 
provides  for  a  State  or  local  quarantine  against  all  potatoes  not 
treated  with  formaldehyde  at  the  point  of  origin.  This  is  hardly 
feasible  in  commercial  practice  for  the  reasons  already  cited  and 
because  black-leg,  wilt,  and  other  troubles  are  not  reached  by  the 
treatment,  while  reinfection  by  the  scab  might  occur  in  the  cars,  ships, 
or  warehouses  during  shipment. 

The  evidence  shows  that  healthy  potatoes  can  best  bo  secured  by 
growing  healthy  potatoes,  and  not  by  inspecting,  fumigating,  or 
quarantining  diseased  stock.  The  progressive  seed  grower  can  elimi- 
nate or  control  nine-tenths  of  the  diseases  described  in  this  bulletin, 
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16  POTATO-TUBER  DISEASES. 

and  will  do  so  if  his  market  requires  it  and  if  a  premium  is  paid  for 
the  extra  labor  involved.  The  method  of  tuber-unit  selection  de- 
scribed by  Stuart  in  Farmers'  Bulletin  533  will  greatly  assist  in  the 
elimination  of  many  of  these  diseases^  from  the  field.  A  closer. con- 
nection between  the  northern  grower  and  the  southern  grower  would 
be  highly  advantageous. 

FIELD  INSPECTION  AND  CERTIFICATION. 

A  plan  is  suggested  whereby  the  freed(»n  from  disease  and  the 
varietal  purity  of  seed  potatoes  may  be  certified  by  an  officially  ap- 
pointed inspector  or  committee.  This  would  work  to  the  benefit  of 
both  producer  and  purchaser,  for  the  producer  would  be  able  to  se- 
cure a  ready  sale  at  an  adequate  price  for  his  high-grade  crop,  while 
the  purchaser  would  be  assured  of  an  opportunity  to  procure  healthy 
stock.  This  inspection  should  be  made  in  the  field  while  the  crop  is 
growing.  It  should  be  voluntary  or  at  the  request  of  the  grower, 
who  should  bear  the  expense.  This  expense,  when  divided  by  the 
number  of  bushels  produced,  would  be  small  and  much  less  than  the 
increased  value  of  the  product. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C,  May  <?,  191S. 
Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  Farmers'  Bulletin  a  paper  entitled  "  Controlling 
Canada  Thistles,"  by  Mr.  H.  R.  Cox,  Agriculturist,  Office  of  Farm 
Management,  of  this  Bureau. 

This  paper  deals  with  the  methods  of  eradication  used  for  the 
Canada  thistle  in  the  United  States,  states  how  it  is  distributed,  and 
how  it  may  be  prevented.  It  also  includes  a  description  of  the  plant, 
so  that  it  may  be  recognized.  It  should  be  of  considerable  assistance 
to  any  farmer  troubled  with  Canada  thistles. 
Respectfully, 

Wm.  a.  Taylor, 

Chief  of  Bureau. 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture, 

93355°— 13 
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CONTROLLING  CANADA  THLSTLES. 


RANGE  OF  THE  CANADA  THISTLE. 

This  weed  occurs  in  the  Northern  States  from  Maine  to  Virginia, 
west  to  North  Dakota  and  Kansas,  and  in  the  Pacific  Coast  States 
from  Washington  to 
northern  California. 
It  also  seems  to  be 
spreading  in  the  Rocky 
Mountain  States.  But 
few  reports  have  been 
received  of  its  presence 
ill  the  Southern  States 
and  it  is  very  probable 
that  this  weed  will  not 
be  a  serious  pest  in 
that  region. 

BESCEIFTION  OF  THE 
PLANT. 

TOPS. 

The  Canada  thistle 
{Cirminb  arvense  (L.) 
Scop.)  may  be  identi- 
fied by  its  erect,  above- 
ground  stems,  1  to  3 
feet  in  height,  its  lobed 
and  very  spiny  leaves, 
somewhat  downy  on 
the  under  side,  and  its     „     ,     ^      *  *u  ^     ^   .u.  .,      .«      .     ^ . 

'  Fig.  1. — Top  of  the  Canada  thistle.     (Reproduced  from 

flowers,  which  are  gen-  "  Farm  Weeds  of  Canada,"  Bulletin  of  the  Depart- 

II  I  ment  of  Agriculture,  Dominion  of  Canada.) 

erally  rose  purple,  one- 
half  to  seven-eighths  inch  in  diameter,  clustered  at  the  ends  of  the 
branches.     (Fig.  1.) 
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6  CONTROLLING  CANADA  THISTLES. 

XJNDEBGBOUKD  FABTS. 

Being  a  perennial  plant,  the  Canada  thistle  propagates  itself  both 
by  its  underground  parts  and  its  seeds.  The  character  of  the  under- 
ground growth  must  therefore  be  understood  in  order  to  attack  the 
weed  intelligently. 

The  root,  which  varies  in  size  from  one-quarter  of  an  inch  or  more 
down  to  very  small  feeding  rootlets,  branches  and  spreads  in  all 
directions  more  or  less  horizontally^  The  depth  of  this  root  varies 
from  a  few  inches  to  a  few  feet  below  the  soil  surface,  depending  on 
the  kind  of  soil  in  which  it  has  been  formed.  From  any  point  along 
the  root  buds  may  form  and  send  up  root  shoots,  which  appear  above 
the  soil  surface  as  stems  or  tops  of  the  plant  At  any  time  during 
the  growing  season  shoots  in  all  stages  of  development  can  be  found, 
from  the  most  advanced  down  to  those  just  starting  from  the  roots. 


Fig.  2. — Dlagrram  showing  the  characterigtic  grrowth  of  the  Canada  thistle.  The  shoots 
are  illustrated  in  various  stages  of  development,  from  the  most  advanced  down  to 
buds  just  starting  from  the  roots. 

These  are  shown  in  figure  2,  which  illustrates  a  characteristic  patch  of 
the  weed  when  the  most  advanced  shoots  have  formed  their  blos- 
soms. 

OTHEE  WEEDS  MISTAKEN  FOE  THE  CANADA  THISTLE. 

The  common  or  bull  thistle  is  often  mistaken  for  the  Canada  this- 
tle. It  is  usually  found  in  pastures  and  other  uncultivated  places, 
since  it  is  a  biennial  plant  and  readily  succumbs  to  cultivation. 
The  bull  thistle  may  be  distinguished  from  the  Canada  thistle  by  its 
greater  size,  by  the  rougher  and  darker  green  appearance  of  the 
leaves,  and  by  its  larger  heads.  Other  plants  sometimes  mistaken 
for  Canada  thistles  are  the  bird's-nest  thistle  in  the  South  Atlantic 
States,  the  milk  thistle  on  the  Pacific  coast,  and  the  curled  thistle  in 
the  Northern  States,  • 
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CONTROLUNG  CANADA  THISTLES.  7 

METHODS  OF  DISTBIBUTION  AND  MEANS  OF  PBEVENTINa  IT. 

The  Canada  thistle  spreads  into  new  localities,  from  farm  to  farm, 
and  even  from  field  to  field  on  the  same  farm,  largely  by  its  seeds. 
These  seeds  (fig.  3)  are  smooth,  brown,  about  one-eighth  of  an  inch 
long,  and  nearly  cylindrical,  being  a  little  pointed  at  one  end.  Each 
seed  has  a  tuft  of  hairs  called  a  pappus.  The  time  of  seeding  extends 
from  July  to  October.  This  weed  is  peculiar  in  that  only  a  few 
of  the  plants  produce  seeds  that  are  able  to  grow.  It  is  not  known 
just  what  the  conditions  are  which  govern  this.  In  most  infested 
areas  enough  perfect  seeds  are  formed  to  greatly  increase  the 
nuisance,  so  that  the  farmer  is  not  justified  in  permitting  the  blos- 
soms to  mature.  The  principal  ways  in  which  the  seeds  are  scat- 
tered are  as  follows: 

Wind  and  water. — ^After  the  seeds  mature  they  are  easily  detached 
from  the  heads  by  the  wind  and  are  scattered  over  the  surrounding 
country.  The  feathered  pappus  bears  them  up,  thus  permitting  them 
to  be  carried  a  considerable  distance.  They  are  also  carried  by 
run-off  water  down  hillsides  and  by  streams.  Transportation  by 
water  becomes  a  special  danger  in  irrigated  districts, 
where  the  ditches  and  laterals  readily  carry  the  seeds 
over  the  land. 

Small  grains  and  straw. — ^Mature  thistle  seeds  are 
often  harvested  with  small  grains,  but  are  usually    pio.  s. -— seeds  of 
separated  from  them  in  thrashing.     It  is  often  ad-        the  Canada  this- 
visable,  however,  to  reclean  such  small  grain  as  is  to       the  center,  the 
be  used  for  seed,  especially  in  the  case  of  oats.    The       J^*°^'  o/^^them 
thistle  seeds  are  carried  over  into  the  straw  stacks        (Drawn by f.h. 
and  from  them  through  the  manure  to  the  fields;  but        "'"man.) 
if  such  manure  is  left  in  piles  for  several  months  practically  all  the 
seeds  will  be  decomposed.    Harvesting  machines  often  carry  the  seeds 
to  other  fields  and  thrashing  outfits  carrj^  them  from  farm  to  farm. 
•    Hay. — ^If  hay  is  cut  sufficiently  early,  when  the  thistles  are  just 
starting  to  bloom,  there  will  be  no  danger  of  their  maturing  seed. 
Many  farmers  let  their  hay  stand  too  long,  not  only  diminishing  its 
value  but  permitting  the  thistle  to  form  seed. 

Orass  and  clover  seed. — Although  of  infrequent  occurrence,  the 
seeds  of  Canada  thistles  are  sometimes  found  in  grass  and  clover 
seed,  especially  in  alsike  clover  and  Canada  bluegrass.  It  is  not 
difficult  to  detect  their  presence  by  the  use  of  a  hand  lens  after  a 
little  practice.  If  in  doubt  a  farmer  may  send  a  sample  to  his  State 
experiment  station  or  to  the  United  States  Department  of  Agricul- 
ture, Washington,  D.  C,  for  analysis.  Farmers'  Bulletin  428,  en- 
titled "  Testing  Farm  Seeds  in  the  Home  and  in  the  Rural  School," 

545 


Digitized  by 


Google 


8  CONTBOLLING  CANADA  THISTLES. 

is  of  great  assistance  to  farmers  in  detecting  the  presence  of  weed 
seeds  in  commercial  seed. 

METHODS  OF  EULDra  CANADA  THISTLES. 

After  this  weed  has  obtained  a  foothold  the  best  way  to  eradicate 
it  is  to  prevent  it  from  sending  up  top  or  aboveground  growth,^  which 
finally  causes  the  roots  to  die.  This  is  the  basic  principle  which  must 
be  kept  in  mind  at  all  times.  The  top  of  the  plant  serves  m/uch  the 
same  purpose  as  the  lungs  of  animals,  so  that  if  the  plant  is  con- 
tinually deprived  of  that  vital  part  it  must  soon  die. 

There  are  a  number  of  ways  of  keeping  down  the  top  growth ;  there 
is  no  one  best  way  for  all  cases.  The  best  method  for  each  case  will 
depend  on  the  farmer's  rotation  and  convenience.  Any  practicable 
method  will  do. 

The  man,  therefore,  is  of  far  more  importance  than  the  method. 
Many  farmers  make  a  start  to  kill  the  thistle,  but  abandon  their 
efforts  too  soon.  It  is  probably  no  exaggeration  to  say  that  95  per 
cent  of  the  efforts  to  kill  thistles  are  failures.  Often  the  campaign 
is  abandoned  when  success  is  in  sight,  and  the  thistles  soon  recover. 
One  great  trouble  is  that  farmers  are  looking  for  too  easy  a  method ; 
there  is  no  "  primrose  path  "  to  thistle  eradication.  If,  however,  the 
farmer  understands  the  basic  principle  as  given  above  in  italic  type, 
decides  on  a  systematic  plan,  and  then  faithfully  "  sees  it  through 
to  a  finish,"  he  will  free  his  farm  of  the  thistle,  and  this  will  be 
accomplished  without  a  great  amount  of  labor  or  expense. 

The  following  experience  with  thistles  is  given  in  detail  because 
it  strikingly  illustrates  the  importance  of  the  man  himself  in  weed 
control  and  because  the  methods  used  are  applicable  to  nearly  every 
farm. 

AN  EXPERIENCE  IN  KILLING  THISTLES. 

In  the  winter  of  1910-11  Mr.  Oscar  Montgomery  purchased  a 
farm  of  76  acres  in  Fulton  County,  Ohio.  Under  negligent  farming 
it  had  become  badly  infested  with  thistles;  every  field  contained 
patches  of  the  weed.  This  fact  enabled  him  to  buy  the  place  at  a 
comparatively  low  price. 

It  was  the  general  opinion  in  the  community  that  the  thistle  had 
come  to  stay — that  it  was  a  dispensation  of  Providence  that  could 
not  be  altered.  The  new  owner,  however,  knew  the  situation  and 
prepared  to  meet  it.  On  the  farm  on  which  he  had  previously  lived 
he  had  fought  and  conquered  this  pest. 

In  the  spring  of  1911  he  wrote  to  the  Department  of  Agriculture 
for  information  on  the  control  of  the  thistle  and  was  supplied  with 
a  statement  giving  the  experience  of  various  farmers  in  killing  this 
weed.    With  this  in  mind  and  supplemented  by  his  own  experience 
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he  outlined  a  plan  of  attack.  He  knew  that  the  efforts  of  most 
farmers  to  kill  this  weed  were  unsystematic  and  lacked  persistence 
and  that  the  insufficient  treatment  usually  given  it,  far  from  reduc- 
ing its  vigor,  actually  stimulated  it  to  increased  growth.  All  his 
effort  was  to  be  directed  toward  the  prevention  of  top  or  above- 
ground  growth,  as  only  a  little  top  growth  is  usually  sufficient  to 
prolong  the  life  of  the  thistle  until  the  liext  year. 

The  various  fields  were  to  be  devoted  to  corn,  oats,  wheat,  hay, 
and  pasture.  Field  A,  of  which  about  3  acres  were  thickly  set  to 
thistles,  was  planted  in  com  in  check  rows,  so  as  to  permit  thorough 
cultivation. 

Following  a  suggestion  of  the  Bureau  of  Plant  Industry,  he  re- 
placed the  cultivator  shovels  with  9-inch  sweeps  (fig.  4),  thus  having 
an  instrument  which  acted  as  a  series  of  knives  run  just  under  the 


Fio.  4. — A  single-row  cultivator  with  Rhovels   (on  the  right)   and  the  name  implement 
equipped  with  sweeps  (on  the  left). 

surface.  Besides  doing  as  good  work  in  stirring  the  soil  as  the 
shovel  or  tooth  type  of  cultivator  it  is  much  more  effective,  if  the 
edges  are  kept  sharp,  in  cutting  off  the  stems  of  weeds.  Mr.  Mont- 
gomery says  that  to  this  implement  is  due  a  great  deal  of  the  credit 
of  killing  out  the  thistles  in  his  cultivated  crops.  Some  soils  are  too 
stony  or  otherwise  unsuitable  for  this  implement.  In  such  cases 
reliance  will  have  to  be  put  on  the  ordinary  cultivators,  and  such 
thistle  tops  as  slip  through  between  the  teeth  should  be  cut  down 
with  a  hoe. 

Mr.  Montgomery  could  use  this  tool  only  until  the  com  was  laid  by, 
however,  and  since  at  that  time  many  thistles  were  still  growing  he 
modified  his  plan  of  attack,  but  never  lessened  its  vigor.  Having  the 
locations  of  the  thistle  patches  well  in  mind  he  went  over  them 
with  a  hoe,  cutting  all  the  tops  below  the  surface  of  the  ground.  At 
the  start  it  was  necessary  tp  visit  the  patches  rather  frequently  (about 
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once  a  week),  but  as  the  season  advanced  the  intervals  became  less 
frequent.    Assisted  by  his  two  children  he  would  attend  to  it  at  some  ' 
odd  hour  when  otheirwork  was  not  pressing.    It  required  about  an 
hour's  work  each  time.    He  considered  it  as  one  of  the  numerous 
chores  about  the  place. 

After  the  com  crop  was  taken  off  this  field  was  plowed.  In  the 
spring  of  1912  it  was  again  planted  in  corn  for  the  purpose  of  locat- 
ing and  killing  any  stray  plants  that  might  have  persisted,  but  some- 
what to  his  surprise  not  a  thistle  top  appeared  in  the  field.  The  weed 
had  been  killed  in  one  season  with  a  little  extra  work. 

Field  B  was  left  in  pasture  during  1911.  (Fig.  5.)  On  the  advice 
of  the  Department  of  Agriculture  about  2  acres  of  this  field  that 
were  most  thickly  infested,  together  with  a  small  infested  area  in  an 
adjoining  meadow,  were  plowed  in  June  just  before  the  thistle  blos- 
somed. After  that,  this  plowed  area  was  gone  over  frequently  with 
a  disk  and  no  tops  were  permitted  to  appear.  About  two  diskings 
a  week  were  required  at  the  start,  but  gradually  they  became  less 
frequent,  until  toward  the  close  of  the  season  one  in  two  weeks  was 
sufficient.  In  1912  this  area  was  allowed  to  come  up  to  a  volunteer 
growth  and  not  a  thistle  top  appeared — a  second  example  of  elimi- 
nating the  weed  entirely  in  one  year.  Since  this  area  was  originally 
so  full  of  thistles  as  to  be  practically  worthless,  the  owner  did  not 
consider  that  the  fallowing  cost  him  the  use  of  ihe  land.  This 
fallowing  is  best  done  in  the  latter  part  of  the  season,  beginning 
about  the  time  thistles  start  to  blossom.  It  may  be  done  on  pasture 
land  or  may  immediately  follow  hay  or  grain  harvest  It  is  usually 
best  to  follow  this  treatment  with  a  cultivated  crop  the  next  year  to 
kill  any  of  the  weeds  that  may  persist 

The  rest  of  field  B  was  pastured  throughout  the  season.  In  the 
latter  part  of  June  Mr.  Montgomery  started  to  cut  the  thistle  tops  in 
the  several  scattered  patches.  He  cut  below  the  surface  of  the  soil 
with  a  sharp  hoe  frequently  enough  to  prevent  most  of  them  from 
appearing.  Here,  as  on  the  fallowed  area,  the  intervals  lengthened 
with  the  waning  vitality  of  the  plant.  In  1912  this  part  of  field  B 
was  plowed  and  put  to  com  and  a  thorough  search  by  this  owner 
and  the  writer  in  September  failed  to  disclose  a  single  plant  Here, 
too,  the  weed  had  been  eradicated. 

Field  C  was  in  oats  in  1911.  Every  farmer  who  has  harvested  oats 
with  thistles  in  them  knows  the  inconvenience  he  suffered,  as  well  as 
the  liability  he  incurred  of  spreading  the  seed  to  other  parts  of  the 
farm.  No  thistles  went  to  seed  in  this  case.  One  day  before  they 
started  to  blossom  Mr.  Montgomery  cut  the  most  tiiickly  infested 
patches,  oats  and  all.  Where  the  thistles  were  less  numerous  he 
cut  down  each  of  the  tops  with  a  sharp  hoe.  The  result  was  that 
the  crop  of  oats  was  entirely  free  from  thistles.     Early  in  the  spring 
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of  1912  this  field  was  seeded  to  grass  and  clover,  the  wheat  seeding 
having  failed  owing  to  the  severe  winter.  The  same  procedure  was 
followed  in  this  case  as  with  the  oats  and  a  clean  crop  of  hay  resulted. 
Mr.  Montgomery  did  not  expect  that  this  treatment  would  kill  the 
thistle.  His  object  was  to  produce  clean  crops,  prevent  the  thistle 
from  seeding,  and  weaken  its  vitality  as  much  as  possible.  He 
expects  this  treatment  to  hold  it  in  check  until  the  field  is  planted 
to  a  cultivated  crop. 

Mr.  Montgomery  did  not  seem  to  regard  his  work  with  the  thistle 
as  especially  burdensome.  Although  considerable  labor  was  required 
the  first  year,  it  was  scarcely  to  be  considered  when  compared  to 
the  results  secured.  The  first  year's  campaign  was  so  successful  that 
the  work  required  in  1912  did  not  amount  to  more  than  two  days 


Fig.  5. — A  view  of  the  Montgomery  farm  (with  the  pasture,  field  B,  in  the  foreground) 
on  which  the  thistle  was  eradicated  in  one  season. 

for  one  man.  The  principal  point  in  the  eradication  of  thistles, 
and  one  that  is  difficult  for  many  farmers  to  appreciate,  is  that  this 
work  was  kept  in  mind  at  all  times  and  attended  to  faithfully. 
Once  begun  it  was  continued  persistently  until  the  thistle  tops  ceased 
to  appear. 

Meanwhile  the  neighbors  had  been  taking  notice.  Many  of  them 
on  visiting  the  farm  evinced  surprise  at  seeing  no  thistles.  Some  of 
them  have  grasped  the  idea  and  have  adopted  similar  methods. 
Several  started  the  fallow  treatment  in  the  summer  of  1912.  Others 
have  purchased  sweeps  for  their  cultivators  and  are  hand-hoeing  the 
thistles  after  laying  by. 
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OTHEB  METHODS. 

Various  types  of  cultivators  equipped  with  knives  or  sweeps  that 
are  effective  in  cutting  off  the  tops  of  Canada  thistles  are  shown  in 
figure  6. 

Although  the  cultivation  methods  here  described  will  have  to  be 
relied  on  largely  in  killing  Canada  thistles,  there  are  other  methods 

that  may  be  followed 
with    considerable    suc- 

^sR^^  j^T^^^^^^   ^^^'     "^^  using  any  of 

^^isi*:^,  j^l^^^  them  the  farmer  should 

never  lose  sight  of  the 
all-important  point  of 
keeping  down  the  top 
growth  at  all  times,  in 
order  to  exhaust  the 
root.  These  methods 
are  briefly  discussed  be- 
low. 

Growing  smotlier 
crops. — ^Among  the  crops 
adapted  to  the  purpose 
of  smothering  Canada 
thistles  are  alfalfa, 
clover,  the  grassas,  mil- 
let, sorghum,  hemp, 
buckwheat,  and  small 
grains.  Their  effect  is 
not  only  to  restrict  the 
top  growth  of  the  this- 
tles by  shading  them, 
but  also  to  crowd  the 
roots.  The  land  should 
be  occupied  by  such 
crops  at  all  times,  so 
that  the  thistle  has  no 
chance  to  make  a  recov- 
ery. This  method  seems 
to  be  the  best  adapted  to  the  deeper  and  more  productive  soils,  where 
such  crops  grow  well  and  where  the  thistle  is  apt  to  persist  for  a 
longer  period  than  on  the  shallower  and  less  produfctive  soils. 
Alfalfa  is  probably  best  for  this  purpose.  Good  grass  and  clover 
stands  have  also  been  known  to  rid  fields  of  thistles. 

This  method  is  not  as  sure  in  its  results  as  clean  cultivation,  and 
seems  to  be  of  most  value  in  giving  the  weed  a  setback  more  or  less 
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severe,  which  renders  easier  the  work  of  clean  cultivation  that  should 
follow. 

Salting  thifltlet  in  pastures. — ^The  method  of  salting  thistles  in  pas- 
tures is  adapted  to  small  patches  accessible  to  live  stock,  especially 
sheep.  In  their  effort  to  get  the  salt  the  stock  nibble  the  thistles  and 
trample  them  to  death.  It  seems  best  to  let  them  grow  until  they 
start  to  bloom  and  then  cut  off  the  tops  close  to  the  ground  and 
apply  a  small  handful  of  salt  to  each  new  shoot  that  springs  up. 

Spraying  with  chemicab. — Experiments  for  the  purpose  of  perma- 
nently eradicating  this  weed  by  the  application  of  plant  poisons  have 
not  proved  very  practicable.  This  is  a  new  subject,  however,  and 
further  investigations  are  needed  before  definite  advice  can  be  given. 
Although  the  tops  may  be  injured  more  or  less,  the  plants  make  a 
renewal  growth  at  once.  Hence,  it  appears  at  present  that  about  the 
only  way  in  which  this  method  may  be  of  value  is  in  preventing  the 
thistle  from  maturing  seed  in  grain  fields,  thereby  being  a  substi- 
tute for  the  cutting  practiced  by  Mr.  Montgomery  on  his  field  C. 
It  may  be  that  under  certain  conditions  spraying  would  be  better 
than  cutting,  as  in  the  vast  grain  fields  of  the  semiarid  West.  The 
best  materials  for  this  purpose  seem  to  be  solutions  of  common  salt, 
iron  sulphate,  and  arsenite  of  soda,  which  is  poisonous  to  man  and 
live  stock. 

Methods  on  waste  lands. — The  Canada  thistle  commonly  occurs 
along  roadsides  and  fences,  in  woodlands,  and  on  other  uncultivated 
lands,  where  it  matures  seed,  thus  being  a  menace  to  the  surround- 
ing country.  In  many  cases  about  all  that  can  be  done  is  to  prevent 
seed  from  maturing  by  cutting  off  the  tops  at  or  below  the  soil  sur- 
face just  as  blossoming  starts.  It  will  usually  be  necessary  to  make 
tw^o  cuttings  a  year  to  prevent  seeding.  Thistles  in  such  locations 
can  be  entirely  eradicated,  however,  by  continually  cutting  off  the 
tops  until  the  roots  are  exhausted. 

STTHHABY. 

Canada  thistles  can  be  eradicated  in  a  comparatively  short  time 
with  little  or  no  loss  in  the  use  of  the  land.  The  length  of  time 
required  varies  inversely  with  the  thoroughness  of  the  work. 

In  dealing  with  this  weed  the  following  three  rules  must  never  be 
lost  sight  of: 

(1)  The  easiest  way  of  killing  Canada  thistles  is  to  deprive  them 
of  their  tops  continually,  thus  exhausting  the  roots.  There  are 
various  methods  of  keeping  down  the  tops;  there  is  no  one  best 
method.  Each  field  presents  a  problem  in  itself  and  must  be  handled 
according  to  circumstances.  Usually  some  form  of  clean  cultivation 
is  the  best,  either  with  a  crop  or  by  bare  fallow. 
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(2)  Outline  a  systematic  plan  of  attack. 

(3)  Keep  the  plan  in  mind  at  all  times  and  follow  it  faithfully. 

STATE  LAWS  BELATINO  TO  CANADA  THISTLES. 

The  following  statement  has  been  furnished  by  the  Solicitor  of 
the  United  States  Department  of  Agriculture : 

In  none  of  the  States  does  the  law  direct  that  the  Canada  thistle  be  entirely 
destroyed.  In  all  the  foUowing  States  It  Is  proscribed  as  a  noxious  weed,  and 
the  law  directs  its  killing  or  destruction  In  such  a  manner  as  to  prevent  tlie 
maturing  and  dissemination  of  seed : 

California.  Michigan.  Oregon. 

Connecticut.  Minnesota.  Pennsylyania. 

Delaware.  Missouri.  South  Dakota. 

Idaho.  Montana.  Utah. 

Illinois.  Nebraska.  Vermont. 

Indiana.  New  Jersey.  Washington. 

Iowa.  New  York.  Wisconsin. 

Kansas.  North  Dakota. 

Kentucky.  Ohio. 
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LETTER  OF  TRAITSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  May  14,  191S. 
Sir:  I  have  the  honor  to  transmit  and  to  recommend  for  publica- 
tion as  a  Farmers'  Bulletin  the  accompanying  manuscript,  entitled 
"How  to  Manage  a  Corn  Crop  in  Kentucky  and  West  Virginia,''  by 
Mr.  J.  II.  Arnold,  Agriculturist,  OflSce  of  Farm  Management. 
Respectfully, 

Wm.  a.  Taylor, 

Chi^f  of  Bureau . 
Hon.  D.  F.  Houston, 

Secretary  of  AgricuUure. 
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HOW  TO  MANAGE  A  CORN  CROP  IN  KEN- 
TUCKY AND  WEST  VIRGINIA. 


SEiEcnoisr  of  iavd. 

Land  which  has  been  in  grass  and  clover  sod  for  a  year  or  two  is 
best  for  com.  Such  land  would  be  increased  in  fertility  by  manure 
or  by  any  kind  of  vegetable  matter  plowed  into  the  soil.  The  land 
should  be  wdl  drained;  otherwise  the  com  produced  wiU  not  pay  for 
the  labor  put  upon  it.  Any  well-drained  land  with  a  fair  quantity  of 
vegetable  matter  in  it  can  be  made  to  produce  a  paying  crop  by 
proper  fertilization  and  cultivation.  The  manure  may  be  applied 
to  the  land  before  plowing.  It  will  do  the  land  good  to  put  it  on  at 
any  time,  even  as  a  top  dressing. 

PREPABATIOlSr  OF  SEED  BED. 

Land  that  has  been  well  sodded^  having  plenty  of  grass  roots  in  it^ 
may  best  be  plowed  in  the  fall  or  winter.  The  freezing  of  the  soil 
pulverizes  it  and  puts  it  in  good  condition  for  the  planting  of  seed 
and  for  holding  the  moisture.  Some  soils,  because  of  texture  and 
lack  of  v^etable  matter,  pack  during  the  winter,  and  for  that  reason 
it  may  not  be  economical  to  plow  in  fall  or  winter.  Plow  about  6 
inches  deep,  and  deeper  if  not  too  much  *'  dead  "  clay  would  be  turned 
to  the  surface  thereby.  In  some  cases  it  may  benefit  the  seed  bed 
to  run  a  bull-tongue  or  subsoil  plow  behind  the  turning  plow.  This 
breaks  up  the  subsoil  and  gives  better  drainage  without  bringing 
lifeless  clay  to  the  surface. 

Inunediately  after  plowing,  the  land  should  be  harrowed,  in  order 
to  break  up  clods  and  make  the  surface  smooth,  so  as  to  hold  moisture 
better.  This  is  particularly  important  if  the  land  has  been  plowed 
in  the  spring.  Before  planting,  harrow  and  disk  the  land  as  often  as 
time  will  permit.  These  operations  conserve  moisture,  kill  growing 
weeds,  and  put  life  into  the  soil.  It  pays,  even  though  corn  planting 
may  be  delayed  thereby.  In  high  altitudes  and  the  more  northern 
latitude  of  West  Virginia  it  is  dangerous  to  delay  corn  planting  later 
than  May  20. 
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feethizee. 

Well-rotted  stable  manure  is  the  best  fertilizer  that  can  be  used 
for  com,  but  any  kind  will  do  the  land  good.  When  enough  is  not 
available  to  spread  over  an  entire  field,  recourse  may  be  had  to  com- 
mercial fertilizer.  Commercial  fertilizer  should  always  be  broad- 
casted. This  is  done  so  that  the  roots  which  fill  all  parts  of  the  upper 
3  or  4  inches  of  soil  may  get  the  food  from  the  fertilizer.  The  best 
results  are  usually  obtained  by  broadcasting  the  phosphate  and 
potash  before  planting,  and  then  thoroughly  working  it  into  tiie 
soil.  These  may  be  bought  separately  by  the  farmer  and  mixed. 
The  proportion  in  the  mixture  should  be  250  to  300  pounds  of  acid 
phosphate  (14  to  16  per  cent)  to  50  pounds  of  miniate  of  potash. 
In  many  sections  of  Kentucky  potash  i3  not  recommended  or  needed. 
When  the  roots  of  the  com  are  well  distributed  in  all  parts  of  the  soil, 
or  about  the  time  the  com  b^ins  to  tassel,  the  crop,  if  it  is  not 
vigorous,  may  be  economically  benefited  by  the  application  of  nitrate 
of  soda.  This  should  be  scattered  between  the  rows  at  the  rate  of  75 
to  100  pounds  to  the  acre. 

SEED. 

Get  as  good  seed  com  as  can  be  had  in  the  commimity  and  a 
variety  that  is  standard  and  thoroughly  tested  for  the  locality. 
It  is  not  advised  to  plant  such  late-maturing  varieties  as  Boone 
County  White  and  Johnson  Coimty  White  north  of  Parkersburg 
and  on  altitudes  above  1,500  feet  in  West  Virginia.  In  the  northern 
part  of  West  Virginia  such  varieties  as  Reed^s  Yellow  Dent  mature 
very  well.  On  top  of  the  Allegheny  Mountains  in  West  Virginia, 
2,000  to  4,000  feet  in  altitude,  none  but  the  earliest  matiuing  vari- 
eties will  mature,  even  when  planted  early.  Test  the  seed  before 
planting. 

PLAHTDra. 

On  good  soils  that  hold  moistiu'e  fairly  well  and  have  plenty  of 
plant  food,  plant  3  feet  6  inches  each  way,  or  drill  10  to  18  inches 
in  the  row  and  3  feet  6  inches  apart,  putting  two  or  three  grains 
in  the  hill,  depending  on  the  fertility  and  water-holding  power  of 
the  soil.  Plant  not  over  3  inches  deep.  A  uniform  stand  may  be 
obtained  by  planting  four  to  five  grains  of  tested  com  in  the  hill 
and  thinning  to  two  or  three  stalks  in  the  hill,  according  to  the 
fertility  of  the  soil.  Plant  as  soon  as  the  seed  bed  is  in  good  con- 
dition and  the  weather  permits.  In  the  high  parts  of  West  Virginia 
planting  should  not  be  delayed  too  long. 
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CUlTIVATIOlSr. 

On  smooth,  loose  ground  without  stones  it  does  not  injure  com 
to  harrow  the  ground  any  time  after  planting  until  the  com  is  2  to 
4  inches  high.  It  is  best  to  slant  the  teeth  of  the  harrow.  Har- 
rowing cleans  the  ground  and  conserves  moisture.  Cultivate  every 
week  or  10  days  when  possible.  Use  a  small-tooth  cultivator 
and  cultivate  shallow.  The  principal  aim  in  cultivating  should  be 
to  keep  down  weeds,  whose  growth  takes  from  the  soU  moisture  and 
food  which  the  corn  needs.  Under  average  conditions,  deep  culti- 
vation which  disturbs  the  roots  of  the  com  is  positively  injurious 
and  may  ruin  the  crop. 

HABVESTDTO. 

The  com  crop  may  be  best  utilized  by  cutting  the  com  and  shock- 
ing it  when  the  grain  has  hardened  but  before  the  stalks  are  dead 
and  before  frost.  Each  shock  shoidd  contain  the  corn  in  16  hills 
square.  A  profitable  way  to  utilize  a  crop  where  a  large  number  of 
stock  is  kept  is  to  haul  the  shocked  com  to  the  bams  and  shred  it. 
It  may  also  be  husked  in  the  field  and  the  cattle  turned  in  to  eat  the 
fodder.  One  of  the  best  ways  of  utilizing  the  corn  crop  is  to  silo 
it.  Corn  should  be  put  in  the  silo  at  the  same  time  it  would  be 
ready  to  cut  and  put  into  the  shock.  In  many  places  in  western 
Kentucky  it  would  be  profitable  to  own  a  corn-harvesting  machine 
which  would  cut  and  bind  the  corn  to  be  shocked  or  siloed.  It 
would  not  pay  to  own  such  a  machine  unless  there  was  a  large 
enough  acreage — 40  to  100  acres. 

SOXTBCES  OF  USTFOBMATIOIV  SEOABDnrO  COEIV  OEOWIirO. 

For  specific  information  in  regard  to  corn  growing  in  a  locality  the 
farmer  should  consult  experts  in  the  State  agricultural  experiment 
station.  A  card  or  letter  addressed  to  the  State  experiment  station 
at  Lexington,  Ky.,  or  Morgantown,  W.  Va.,  will  receive  attention. 
Information  and  assistance  may  also  be  had  through  the  State  com- 
missioner of  agriculture  at  Frankfort,  Ky.,  or  Charleston,  W.  Va. 
Farmers'  Bulletins  81,  229,  253,  313,  400,  414,  and  415  of  the  United 
States  Department  of  Agriculture  relate  to  corn  growing.  Farmers' 
Bulletin  537,  entitled  ''How  to  Grow  an  Acre  of  Com,''  by  Mr.  C.  P. 
Hartley,  in  charge  of  the  corn  investigations  of  the  United  States 
Department  of  Agriculture,  contains  information  of  special  value  to 
corn  growers.  These  publications  will  be  sent  without  cost  to  any 
person  making  application  therefor  to  a  Senator  or  Representative 
in  Congress  or  to  the  Secretary  of  Agricidture,  Washington,  D.  C. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depabtment  of  Agbicultube, 

BuKEAU  OF  Entomology, 
Washington,  D,  C,  May  i,  191S. 
Sib  :  I  have  the  honor  to  transmit  for  publication  a  paper  dealing  with  the 
ydlow-fever  mosquito.     It  is  intended  to  be  a  companion  to  Farmers'  Bulletins 
444    (Remedies  and  Preventives  against  Mosquitoes)    and  450    (Some  Facts 
about  Malaria),  and  should  therefore  be  published  In  the  same  series.     This 
manuscript  has  been  adapted  from  a  Monograph  of  the  Mosquitoes  of  North 
and  Central  America  and  the  West  Indies,  by  Jm  O.  Howard,  Harrison  G.  Dyar, 
and  Frederick  Knab,  published  by  the  Oamegie  Institution  of  Washington. 
Respectfully, 

L.  O.  Howard, 

Entomologist  and  Chief  of  Bureau, 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture. 
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THE  YELLOW-FEVEk  MOSQUITO. 

{Aedes  calopua  Meig.) 


HOW  TO  BECOONIZE  THE  TELLOW-FEYEE  KOSQITITO. 

The  only  species  of  mosquito  which  has  been  shown  to  transmit 
yeUow  fever  is  a  small  form  well  known  in  the  Tropics.  It  is  some- 
what variable  in  size, 
but  on  the  whole  is  so 
small  as  to  require  a  mos- 
quito bar  of  20  strands, 
or  19  meshes,  to  the  inch 
to  prevent  its  entrance 
to  screened  rooms.  Both 
males  and  females  can 
pass  through  a  netting 
containing  16  strands,  or 
15  meshes,  to  the  inch. 
It  is  a  strikingly  marked, 
and,  (Ml  the  whole,  when 
seen  under  the  lens,  a 
beautiful  insect.  Its  gen- 
eral color  is  dark,  but 
its  thorax  is  marked  with 
a  silvery  white,  lyre- 
shaped  pattern;  the  ab- 
domen is  banded  with 
silvery  white,  and  there 
is  a  silvery  white  spot  on 
each  side  of  the  abdomi- 
nal segments.  The  legs 
are  banded  alternately 
with  black  and  pure  ^^* 
white,  and  the  long  palpi 
of  the  male  are  also  alternately  banded  with  black  and  pure  white. 
As  with  many  other  species  of  mosquito,  the  antennae  of  the  male 


1, — ^The  yellow-ferer  mosquito 
Adult  female.     Much  enlarged. 


{AedcB  oolopiM) : 
(Original.). 
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4  THE  YELLOW-FEVEB  MOSQUITO. 

are  broadly  feathered,  while  those  of  the  female  are  only  slightly 
feathered.  The  accompanying  illustrations  (figs.  1-3)  well  indicate 
the  general  appearance  of  the  insect. 

DIFFEBENT  NAHES  BT  WHICH  IT  HAS  BEEN  CALLED. 

Popularly  the  yellow-fever  mosquito  has  been  called  in  the  Tropics 
the  house  mosquito,  the  day  mosquito,  tiie  banded-legged  mosquito, 

and  is  now  generally 
known  as  the  yellow- 
fever  mosquito.  Some- 
times also  it  is  known 
popularly  by  one  of 
its  discarded  scientific 
names,  the  Stegomyia 
mosquito. 

Scientifically  this  spe- 
cies was  first  known  as 
Cidex  fasciatns  Fabr. 
After  the.  publication  of 
Theobald's  Monograph 
of  the  Mosquitoes  of  the 
World  it  was  known 
as  Stegomyia  fasrmta 
Fabr.  Later,  after 
Blanchard  pointed  out 
that  the  name  fasciata 
was  preoccupied  in  the 
same  group,  it  was 
known  as  Stegomyia 
caJopvs.  Eecent  inves- 
tigations have  shown 
that  Stegomyia  is  not 
a  valid  genus,  and  the 
insect  is  now  known 
as  Aedes  ccdopvs  Meig. 


Fio.  2. — The  yellow -fever  mosqaito:  Adult  male.     Much 
enlarged.      (Original.) 


DOHESTICITT  OF  THE  SPECIES. 

The  yellow-fever  mosquito  is  inseparably  associated  with  man  in 
the  Tropics.  It  is  essentially  a  town  mosquito,  and  normally  it  is 
never  found  at  a  great  distance  from  habitations.  It  shows  a  very 
decided  preference  for  human  blood,  and  it  must  have  blood  for  the 
development  of  its  eggs.  Both  sexes  inhabit  houses,  and  when  there 
is  a  supply  of  water  the  entire  life  cycle  takes  place  indoors.     Its 
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long  association  with  man  is  shown  by  many  of  its  habits.  It  ap- 
proaches stealthily  from  behind.  It  retreats  upon  the  slightest  alarm. 
The  ankles  and,  when  one  is  sitting  at  a  table  or  desk,  the  underside 
of  the  hands  and  wrists  are  favorite  points  of  attack.  It  attacks 
silently,  whereas  other  mosquitoes  have  a  piping  or  humming  note. 
The  warning  sound  has  doubtless  been  suppressed  in  the  evolutionary 
process  of  its  adaptation  to  man.  It  is  extremely  wary.  It  hides 
wherever  it  can,  concealing  itself  in  garments,  working  into  the 
pockets  and  under  the  lapels  of  coats,  and  crawling  up  under  the 
clothes  to  bite  the  legs.  In  houses  it  will  hide  in  dark  comers,  under 
picture  moldings,  and  behind  the  heads  of  old-fashioned  bedsteads. 
It  will  enter  closets  and  hide  in  the  folds  of  garments. 

HABITS  OF  THE  ASXTLT. 

FEEDING  HABITS. 

The  female  sucks  blood  when  it  is  available,  and  needs  blood  to 
develop  her  eggs.    In  captivity  she  has  been  kept  alive  for  a  long 


Fig.  3. — ^The  yellow-fever  mosquito :  Adult  female,  side  view.    Much  enlarged. 

(Original.) 

time  on  honey  or  other  sweet  substance.  She  is  attracted  to  portions 
of  the  body  covered  with  perspiration.  A  female  will  bite  within  18  to 
24  hours  after  she  emerges  from  the  pupa.  Virgin  females  will  bite, 
but  fertilized  females  are  more  greedy.  After  a  meal  of  blood  she  is 
very  sluggish;  she  flies  with  difficulty,  seeldng  a  hiding  place  for 
digestion.  Several  hours  are  consumed  in  digestion,  and  then  the 
female  is  anxious  for  another  meal  of  blood.  The  species  normally 
sucks  blood  repeatedly.  In  31  days  a  female  is  recorded  to  have 
sucked  blood  12  times.  By  biting  a  number  of  different  individuals 
the  chances  of  becoming  herself  infected  with  yellow  fever  and  trans- 
mitting the  disease  are  greatly  increased. 

The  yellow-fever  mosquito  can  subsist  upon  the  blood  of  any  warm- 
blooded animal,  but  shows  a  decided  preference  for  man.  It  prefers 
the  white  race  to  dark  races,  and  among  the  whites  attacks  by  pref- 
erence young,  vigorous  persons  of  fine  skin  and  good  color  rather 
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than  an^nic  or  aged  people.  It  will  also  feed  upcm  birds,  and  it  has 
been  carried  alive  from  Brazil  to  Europe  by  being  fed  upon  canary 
birds.    Instances  are  on  record  of  the  biting  of  corpsea 

TIME  OF  ACTIVITY. 

The  popular  name  in  the  British  West  Indies,  "  day  mosquito,''  is 
derived  from  the  fact  that  this  species  is  usually  active  and  bites  only 
in  the  daytime,  although,  where  there  is  a  light  in  the  room,  it  may 
also  bite  at  night.  It  is  especially  voracious  early  in  the  morning 
about  sunrise  and  again  late  in  the  afternoon.  It  does  not  bite  in  the 
bright  sunlight  out  of  doors,  and  in  fact  is  not  in  evidence  in  the 
open.  On  cloudy  days  it  bites  at  all  times.  Antimosquito  lotions  for 
the  skin,  used  in  unscreened  houses  at  night,  are  not  so  apt  to  be  effec- 
tive against  this  species  as  against  other  semidomesticated  species, 
such  as  Culex  qmnquefaaciatus  and  the  species  of  Anopheles,  for  the 
reason  that  at  the  time  when  the  individual  is  soundest  asleep,  in  the 
early  morning  hours,  the  lotion  will  largely  have  evaporated,  and 
the  yellow-fever  mosquito  begins  to  bite  only  when  the  sunlight  first 
enters  the  room. 

LENGTH  07  UPE  OF  ABTTLTS. 

Adult  females  have  been  kept  alive  for  long  periods  by  feeding  them 
upon  bananas  and  other  fruit,  upon  honey,  molasses,  and  other  sweet 
substances.  Beyond  the  fortieth  day  the  mortality  becomes  great. 
They  will  live  longer  where  the  atmosphere  is  moist.  Guiteras,  in 
Cub«.,  kept  five  infected  adults  alive  for  101  days  and  one  for  154 
days.  The  oldest  male  that  has  been  kept  in  captivity  lived  for  72 
days.  The  question  of  how  long  infected  yellow-fever  mosquitoes 
may  be  capable  of  conveying  the  disease  has  received  some  attention. 
Having  acquired  the  infection  from  a  yellow-fever  sufferer  they  are 
dangerous  after  the  twelfth  day,  and  probably  continue  dangerous 
as  long  as  they  are  capable  of  biting. 

INFLXrEKGE  OF  TEHPEEATimE 

The  cessation  of  former  yellow-fever  epidemics  in  the  southern 
United  States  on  the  appearance  of  the  first  cold  weather  in  Novem- 
ber and  December  was  due  to  the  fact  that  the  yellow-fever  mosquito 
is  killed  by  cold.  It  is,  in  fact,  extremely  sensitive  to  differences  in 
temperature.  It  displays  the  greatest  activity  when  the  thermometer 
is  in  the  neighborhood  of  82°  F.  As  the  temperature  rises  or  falls  a 
few  degrees  above  or  below  that  point  there  is  a  markedly  reduced 
activity.  Beyond  102®  F.  heat  is  fatal.  When  the  thermometer  falls 
below  62°  the  mosquito  becomes  sluggish  and  will  not  feed.    At  from 
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64®  to  67®  F.  it  becomes  torpid,  flies  with  difficulty,  and  no  longer 
stands  finnly  on  its  legs.  It  dies  quickly  when  the  temperature  is 
at  the  freezing  point.  When  exposed  for  a  brief  period  to  a  tem- 
peratare  of. 49®  and  then  placed  in  a  warm  room  it  will  revive,  but 
it  dies  at  a  temperature  of  39®  maintained  for  more  than  an  hour. 
It  may  be  kept  alive  for  some  time  at  temperatures  of  45®  to  48®. 

DISTAHCS  OF  FLIGHT. 

The  yellow-fever  mosquito  is  a  strong  flier;  nevertheless,  it  does 
not  fly  very  far  and,  as  has  been  already  pointed  out,  is  rarely  found 
away  from  houses.  It  apparently  never  flies  very  high  and  is  found 
by  preference  in  the  lower  stories  of  houses.  There  is  conflicting  evi- 
dence regarding  the  effect  of  a  strong  current  of  wind  on  this  species, 
and  it  is  recorded  that  strong  air  currents  produced  by  a  mechanical 
ventilator  had  no  effect  upon  flight.  Other  observers  have  searched 
for  it  in  vain  in  situations  exposed  to  the  wind. 

The  distance  of  flight  has  an  important  bearing  upon  the  distance 
at  which  ships  should  be  anchored  from  fever-infected  ports,  but 
with  vessels  anchored  at  given  distances  it  is  most  difficult  to  deter- 
mine whether  yellow-fever  mosquitoes  which  may  be  found  on 
board  have  flown  from  the  shore  or  have  been  carried  by  boat  parties 
visiting  the  vessel,  perhaps  concealed  under  coat  collars  or  hidden 
in  other  parts  of  clothing.  There  is  no  positive  evidence  that  vessels 
anchored  more  than  half  a  mile  from  the  shore  will  be  visited  by  the 
yellow-fever  mosquito  by  natural  flight. 

nisTEiBxrrioir  by  abtificial  keaks. 

Although,  as  indicated  in  the  preceding  section,  the  yellow-fever 
mosquito  apparently  does  not  fly  far,  it  is  readily  carried  to  great 
distances  accidentally  by  artificial  means.  Vessels,  once  infested, 
may  carry  the  species  to  far-distant  ports.  The  yellow-fever  mosquito 
has  been  found  in  New  York  upon  vessels  coming  from  Vera  Cruz, 
and  it  is  by  such  carriage  of  infected  mosquitoes  that  the  early  out- 
breaks of  yellow  fever  in  Philadelphia  and  other  northern  cities  are 
to  be  accounted  for. 

Kailway  trains  also  carry  this  mosquito,  frequently  in  large  num- 
bers. It  has  spread  inland  from  Vera  Cruz,  first  to  Cordoba  and  later 
to  Orizaba,  entirely  by  means  of  the  railway.  Almost  every  summer 
the  yellow-fever  mosquito  is  carried  in  railroad  cars  from  Xew 
Orleans,  Mobile,  and  other  southern  cities,  on  through  trains,  to 
Washington,  Baltimore,  and  Xew  York.  It  has  been  seen  and  cap- 
tured on  these  trains  by  competent  entomologists. 
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HATING. 

The  mating  of  the  species  usually  occurs  during  flight,  althou^ 
the  female  sometimes  alights  during  the  act  and  before  its  comple- 
tion. The  act  requires  but  a  fraction  of  a  minute.  Temperature  has 
a  great  influence  upon  sexual  activity.  Below  68°  F.  mating  seldom 
occurs.  The  same  male  may  have  frequent  connections  in  rapid 
succession  with  various  females. 

BELATIOK  OF  FOQD  TO  EGG  LAYING. 

It  seems  certain  that  the  female  can  not  develop  her  eggs  without 
having  had  a  meal  of  blood.  After  a  meal  eggs  will  be  deposited  in  a 
few  days.  If  a  fertilized  female  is  fed  upon  sweet  substances,  the 
eggs  will  not  develop.  If  afterwards,  say  after  15  or  20  days,  she 
is  fed  blood,  the  eggs  will  then  develop.  Blood  food,  however,  in 
hastening  the  development  of  the  eggs  shortens  the  life  of  the 
mosquito.  A  diet  of  honey,  on  the  other  hand,  prevents  the  develop- 
ment of  the  eggs  and  prolongs  life.  The  shortest  interval  between 
a  blood  meal  and  egg  laying  is  apparently  two  days,  and  the  longest 
seven  days. 

BEEEDINO  HABITS. 

EGG  LAYING. 

The  eggs  are  laid  separately  in  several  lots,  the  individual  lots 
being  laid  at  intervals  of  several  days  or  more.  They  may  be  laid 
near  the  water,  close  to  its  edge,  or  upon  the  surface  of  the  water. 
Oviposition  on  the  surface  of  the  water,  however,  is  probably  rare, 
and  possibly  occurs  only  under  abnormal  conditions,  when  the  mos- 
quitoes are  being  studied  in  captivity.  Normally  it  appears  to  be 
the  custom  to  lay  them  on  the  sides  of  a  receptacle  containing  water, 
just  above  the  surface  of  the  water,  so  that  a  slight  elevation  of  the 
water  will  submerge  them.  They  have  been  found  upon  a  leaf 
floating  upon  the  water. 

Sometimes  the  female  will  lay  but  one  lot  of  eggs.  Others  will 
lay  two  lots,  and  others  from  three  to  seven.  According  to  J.  K. 
Taylor,  the  total  number  of  eggs  laid  at  a  time  varies  from  35  to  114. 
Other  observers  have  increased  the  number  to  150.  Undersized 
females  rarely  lay  more  than  50  eggs.  The  death  of  the  female  after 
egg  laying  seems  to  indicate  that  all  the  eggs  have  been  laid. 

THE  EGGS. 

The  eggs  are  small  and  black  in  color  and  are  well  shown  in 
figure  4.  As  has  been  stated,  they  are  ordinarily  laid  above  the  mar- 
gin of  the  water,  and  here  they  may  remain  dry  for  long  periods, 
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hatching  when  reached  by  the  water.  They  develop  better  after 
having  been  dry  for  some  time.  In  fact,  it  seems  that  they  will  pre- 
serve their  vitality  dry  for  six  months  or  even  longer.  Freezing  does 
not  destroy  the  fertility  of  the  eggs.  The  duration  of  the  egg  stage, 
when  the  eggs  are  laid  upon  the  water,  is  about  two  days;  when 
deposited  above  the  water  they  hatch  promptly  when  submerged. 
When  laid  upon  the  surface  of  the  water  they  are  easily  sunk  by  any 
disturbance,  and  when  they  sink  hatching  is  retarded  and  often  some 
of  the  eggs  do  not  hatch,  particularly  if  the  temperature  of  the  water 
is  rather  low.  When  submerged  soon  after  being  laid  on  the  surface 
of  the  water  they  generally  perish. 

BBEEDING  PLAGES. 

The  probabilities  are  that  the  yellow-fever  mosquito  originally  bred 
in  water  in  holes  in  trees,  but  it  has  so  perfectly  adapted  itself  to  the 
hiunan  species  that  it  has  become  a  true  domestic  insect  and  is  prac- 
tically dependent  for  its  existence  upon  the  conditions  that  surround 
human  habitations.  This  adaptation  is  undoubtedly  of  very  ancient 
development.  The  yellow-fever  mosquito  is  essentially  a  town 
mosquito,  and  the  larvae  are  found 
practically  exclusively  in  artificial 
receptacles  in  and  about  houses. 
It  can  be  said  that  its  larvae  are  

never  found  in  swamps,  in  pools,       p,a.  4.— The  yellow-fever  mosquito:   Egg. 

or  even  in  temporary  puddles,  even  Greatly  enlarged.    (Original.) 

when  these  are  in  close  proximity  to  houses.  In  the  Tropics  the  large 
earthen  jars  in  which  drinking  water  is  kept  are  the  most  frequent 
and  unfailing  habitat  of  the  larvae.  Rain-water  barrels  are  abundant 
breeding  places.  Eain-water  tanks,  so  universally  behind  the  houses 
in  southern  cities  like  New  Orleans,  Galveston,  and  Mobile,  are  the 
source  of  most  abundant  supplies  of  these  mosquitoes.  The  larvae 
are  ajso  found  in  sagging  gutters  containing  rain  water,  in  tin  cans,  in 
cesspools,  in  horse  troughs,  in  water-closet  tanks,  in  the  drain  traps 
of  stationary  washstands,  in  the  urns  in  cemeteries,  in  the  holy-water 
fonts  in  churches,  in  pools  accumulating  under  the  water  tanks,  in 
water  pans  in  the  chicken  yards,  and  in  the  water  receptacles  of 
grindstones. 

The  observations  of  Busck  and  Knab  in  the  West  Indies  and  Cen- 
tral America  indicate  that  the  yellow-fever  mosquito  breeds  almost 
always  in  clear  water  and.  seldom  in  foul  water.  These  observers 
always  found  it  in  artificial  receptacles,  except  a  few  times  in  tree 
holes  near  houses,  and  in  one  case  in  a  street  gutter.  In  the  last  case 
it  is  probable  that  this  larva  came  into  the  gutter  by  the  emptying 
of  some  household  vessel.    Discarded  bottles  and  tins  about  houses 
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are  favorite  breeding  places.    The  larvae  occur  in  tree  holes  only  when- 
the  latter  are  in  close  proximity  to  human  habitations. 

BEHAVIO&  OF  JJLXVm. 

The  larvae  (fig.  5) ,  when  suspended  from  the  surface  film  of  the  water 
to  take  in  air,  hang  almost  perpendicularly.  They  are  very  easily 
alarmed  and  then  go  quickly  to  the  bottom,  where  they  remain  a  con- 
siderable time.  They  can  live  under  water  for  a  long  time  without 
rising  to  the  surface.     When  water  is  poured  from  a  receptacle 

inhabited  by  these  larvae  they  quickly 
seek  the  bottom,  and  their  presence 
may  not  be  suspected,  although  the 
vessel  is  in  constant  use.  They  cling 
so  closely  to  the  bottom  that  unless 
the  jars  are  rinsed  and  tipped  up  so  as 
to  empty  them  completely,  which  is 
not  usually  done,  nearly  all  the  larvae 
will  remain  in  the  jars.  On  account 
of  this  habit  they  are  not  easily  dis- 
posed of  by  pouring  out  the  contents 
of  a  barrel. 

700D  HABITS  07  LA&VX. 

The  larvae  occur  most  frequently  in 
clear  water   in  rain-water  barrels   or 
in  drinking-water  receptacles  in  houses. 
The     water  in  such  receptacles  con- 
tains   more    or    less    animal    matter 
as  well  as  vegetable  refuse,  and  such 
probably  is  generally  the  food  of  the 
larvae.    The  larvae  feed  at  the  bottom, 
where  they   mouth   over  the   organic 
Fw.  r,.-The  yeliow-feTer  mo8-      sediment,  even  when  the  water  is  very 
quito:  Larva.    Much  enlarged.      deep.     Larvae  in  Confinement  may  be 
(Original.)  observed  chewing  vigorously  on  dead 

insects  or  larval  or  pupal  cast  skins.    They  are  sometimes  canni- 
balistic, the  larger  larvae  devouring  the  smaller  ones. 

The  growth  of  yellow-fever  mosquito  larvae  is  hastened  by  the 
presence  of  a  small  amount  of  fecal  mattfer  in  the  water.  Observers 
in  Habana  at  the  time  of  the  Cuban  war  found  that  the  larvae  which 
bred  in  the  tin  cans  used  for  carrying  away  human  excrement  from 
the  hospitals  developed  rapidly,  and  other  observers  have  recorded 
the  fact  that  by  adding  fecal  matter  to  the  water  in  which  were 
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larysB  under  obserration  the  development  was  hastened  until  the 
life  cycle  was  completed  in  from  six  to  eight  days. 

DimATIOK  OF  EABLY  STAGES. 

Temperature  has  the  greatest  influence,  not  only  upon  the  hatching 
of  the  eggs  but  also  upon  the  subsequent  development  of  the  larvae. 
The  effects  of  various  temperatures  on  the  early  stages  were  care- 
fully investigated  by  the  American  conmiission  in  Cuba  and  by  the 
French  commission  in  Kio  de  Janeiro,  and  the  results  of  both  agree 
very  closely.    The  shortest  period  of  development  to  imago  observed 
by  Keed  and  Carroll  during  summer  weather  in  Cuba  was  9^  days, 
divided  as  follows:  Incubation,  2  days;  larval  stage,  6  days;  pupal 
stage  (fig.  6),  36  hours.     This,  how- 
ever, was  believed  to  be  exceptional. 
In  average  sunmier  temperature  the 
time  required  for  the  complete  meta- 
morphosis ranges  ordinarily  from  11 
to  18  days.    The  French  observers  in 
Rio  de  Janeiro  found  that  the  most 
favorable  season   for  rapid   develop- 
ment was  when   the  night  tempera- 
tures ran  from  79°  to  8V  F.  and  the 
day  temperatures  from  82°  to  88°  F. 
They  found  that  some  of  the  larvae 
of  this  mosquito   reached   the  pupal 
stage  seven  days  after  the  hatching 

of   the    eggs,    and    the    adult   condition      fig.  6.--The  yellow-fever  mosquito: 

on  the  ninth  day,  and  that  generally      ^"p^'   Much  enlarged,  (ongiuai.) 
most  of  the  larvae  from  the  same  laying  of  eggs  produced  imagoes 
about  the  tenth  day. 

BESISTANCE  OF  LAEViE  TO  ADVEBSE  CONDITIONS. 

LarvflB  of  the  yellow-fever  mosquito  have  been  found  in  nature  in 
brackish  water  containing  35  per  cent  of  sea  water.  With  40  per 
c«it  sea  water  the  larvae  still  survived  and  produced  imagoes.  Ex- 
periments have  shown  that  the  larva  may  in  nature  survive  in  water 
which,  through  evaporation,  has  reached  a  high  degree  of  salinity, 
and  if  afterwards,  through  rains,  the  water  becomes  again  diluted, 
the  larvfie  may  develop  to  imagoes. 

The  degree  of  resistance  to  desiccation  of  both  larvae  and  pupae  is 
important  from  the  practical  standpoint.  The  first  yellow- fever  com- 
mission to  Vera  Cruz  found  that  in  that  dry  climate  larvae  died 
quickly  when  the  water  containing  them  was  poured  on  the  ground. 
In  moist  climates  the  larvae  may,  under  favorable  circumstances,  live 
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out  of  water  a  considerable  time,  and  the  pupae  show  great  resistance 
to  drying.  Experiments  made  by  Peryassu  in  Brazil  showed  that 
when  larvae  were  placed  upon  filter  paper  none  lived  nine  hours. 
When  placed  upon  moist  ground,  according  to  temperature  and 
evaporation,  they  survived  as  much  as  13  days,  and  when  again  put 
in  water  developed  to  imagoes.  Pupse  dried  upon  filter  paper  sur- 
vived up  to  9  hours  and  30  minutes. 

OEOOBAPHIC  DISTBTBTTTiaN. 

In  considering  the  geographic  distribution  of  the  yellow-fever 
mosquito  it  should  be  pointed  out  at  the  start  that  it  has  two  dis- 
tinct regions — one  in  which  it  is  capable  of  breeding  continuously 
and  another  over  which  it  spreads  during  warm  weather,  to  be  an- 
nually exterminated  by  cold  after  breeding  for  an  indefinite  number 
of  generations.  The  first  may  be  termed  the  permanent  region  and 
the  second  the  temporary  summer  region.  The  permanent  distribu- 
tion is  limited  in  a  general  way  by  the  frost  line.  Where  frost  does 
not  occur  the  species  generally  may  breed  permanently.  As  has  been 
already  shown,  this  mosquito  does  not  thrive  below  a  temperature  of 
80°  F.,  so  that  in  a  uniform  climate  with  a  temperature  much  below 
80°  the  species  will  not  continue  to  exist.  Such  climates  are  rare, 
however,  in  regions  where  frost  never  occurs. 

The  temporary  summer  distribution  is  determined  by  the  means  of 
carriage  that  happen  to  be  available.  It  has  been  shown  that  the 
yellow-fever  mosquito  is  a  domestic  species,  having  a  fairly  long 
life  in  the  adult  stage  and  having  the  custom  of  hiding  itself  in 
the  most  ingenious  ways.  It  is  therefore  particularly  subject  to 
carriage  for  long  distances  on  board  vessels,  in  railway  trains,  and 
even  packed  securely  away  in  baggage.  In  the  old  days  of  sailing 
vessels  on  very  long  voyages  it  was  not  only  possible  for  the  yellow- 
fever  mosquito  to  breed  continuously  in  the  more  or  less  exposed 
water  supply  of  vessels,  but  undoubtedly  this  was  of  common  occur- 
rence. .  Every  year  it  is  carried  to  the  north  in  the  United  States 
upon  railway  trains  and  may  breed  for  a  generation  or  so  hundreds 
of  miles  north  of  its  permanent  breeding  places.  Thus  while  the 
species  breeds  permanently  only  in  the  extreme  southern  portion  of 
the  United  States,  it  will  be  found  every  summer  breeding  for  a 
generation  or  so  in  localities  to  which  it  has  been  carried  by  trains. 
In  1904,  for  example,  it  was  found  breeding  abundantly  upon  the 
grounds  of  the  St.  Louis  exposition,  and  had  one  or  more  persons 
suffering  with  incipient  yellow  fever  come  to  the  exposition,  the 
mosquitoes  were  there  in  numbers  to  carry  the  disease.  Everywhere 
almost  throughout  the  southern  United  States  in  midsummer  will 
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this  mosquito  be  found,  and  this  explains  why  epidemics  of  yellow 
fever  have  occurred  in  years  past  on  the  Atlantic  coast  of  North 
America  even  as  far  north  as  Montreal. 

On  the  Pacific  coast^  on  the  other  hand,  the  nights  are  so  cold  that 
this  species  does  not  seem  to  be  able  to  survive.  This  applies  to 
points  north  of  San  Diego.  The  species  breeds  permanently  in  all 
of  the  west  coast  Mexican  seaports,  and  must  frequently  be  brought 
to  the  California  coast  in  vessels,  but  it  has  never  been  known  to 
breed  there.  This  seems  at  first  sight  strange,  since  the  mean  annual 
temperature  of  California  is  much  above  that  of  eastern  cities  where 
epidemics  have  occurred,  and  in  San  Diego  and  Los  Angeles  one  sees 
tropical  vegetation  on  every  hand  growing  unprotected,  and  severe 
cold  is  unknown ;  yet  the  nights  are  cold  even  in  the  summer,  and  it 
is  to  this  condition — the  low  minimimi  nightly  temperatures — ^that 
freedom  from  the  yellow-fever  mosquito,  and  consequently  from 
yellow-fever  epidemics,  is  due. 

OBIGINAL  HOME. 

The  original  home  of  the  yellow-fever  mosquito  must  clearly  be 
identical  with  that  of  yellow  fever.  Early  history  points  very 
strongly  to  the  West  Indies  and  the  adjacent  mainland  as  that  original 
home.  There  has  been  much  discussion  of  the  question,  and  ingenious 
arguments  have  been  adduced  to  prove  that  yellow  fever  is  of  African 
origin  and  was  imported  into  America  through  the  slave  trade.  All 
things  considered,  however,  the  probabilities  are  that  yellow  fever 
is  one  of  the  very  old  diseases  of  mankind  in  the  New  World,  and 
that  it  was  taken  from  the  New  World  to  the  Old. 

DISCOVERY  OF  THE  RELATIONS  OF  THIS  MOSQITITO  TO  TEILOW 

FEVER. 

Physicians  had  been  theorizing  about  the  cause  of  yellow  fever  from 
the  time  when  they  began  to  treat  it.  It  was  thought  by  many  that 
it  was  carried  in  the  air,  by  others  that  it  was  conveyed  by  the  cloth- 
ing, bedding,  or  other  articles  which  had  come  in  contact  with  yellow- 
fever  patients.  There  were  one  or  two  early  suggestions  of  the 
agency  of  mosquitoes,  but  practically  no  attention  was  paid  to  them, 
and  they  have  been  resurrected  and  considered  significant  only  since 
the  beginning  of  the  present  century. 

With  the  discovery  of  the  agency  of  microorganisms  in  the  causa- 
tion of  disease,  a  search  soon  began  for  some  causative  germ  of  yellow 
fever.  Many  microorganisms  were  found  in  the  course  of  autopsies 
and  many  claims  were  set  forth  by  investigators.  All  of  these,  how- 
ever, were  virtually  set  at  rest  by  Sternberg  in  his  "  Keport  on  the 
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14  THE  YELLOW-FEVER  MOSQUITO. 

Etiology  and  Prevention  of  Yellow  Fever,"  published  in  1890.  But 
a  claim  made  by  Sanarelli  in  June,  1897,  for  a  bacillus  which  he 
found  in  58  per  cent  of  yellow-fever  cases,  and  which  he  called  BaciUtts 
ieteroidesj  received  c(Misiderable  credence.  This  was  found  afterwards 
by  several  investigators  in  considerable  abundance,  but  later  it  was 
shown  by  Reed  and  Carroll  that  the  organism  in  question  is  identical 
with  the  bacillus  of  hog  cholera  and  is  in  no  way  concerned  with 
yellow  fever. 

In  1881  Dr.  Carlos  Finlay,  of  Habana,  proposed  the  theory  that 
yellow  fever^  whatever  its  cause  may  be,  is  carried  by  means  of  a 
certain  mosquito  from  man  to  man.  His  original  paper  shows  that 
he  had  carefully  studied  the  habits  of  house  mosquitoes  and  had 
determined  all  of  the  factors  in  the  life  history  of  the  species  now 
known  as  the  true  yellow-fever  mosquito,  which  have  since  been 
shown  to  be  essential  in  its  role  of  transmitter  of  the  disease.  It  was 
this  careful  study  of  the  mosquito  and  the  disease,  conducted  through 
many  years  in  the  most  favorable  locality,  the  city  of  Habana,  that 
gave  him  a  firm  conviction  that  the  two  were  interdependent.  On  this 
account  his  theory  has  true  scientific  merit.  It  was  based  on  intensive 
study,  and  not,  as  had  been  the  case  with  his  predecessors,  on  vague 
suspicions.  Subsequently  he  published  a  number  of  important  papers, 
in  which  his  views  were  modified  from  time  to  time.  He  thought  out 
carefully  the  question  of  immunization  and  concluded  that  this  might 
be  brought  about  by  mild  infection  through  the  bite  ot  a  single  mos- 
quito. In  one  of  his  papers  he  published  experiments  with  100  indi- 
viduals, producing  3  cases  of  mild  fever.  None  of  the  cases^  however, 
was  under  his  full  control;  and  as  the  possibility  of  other  methods  of 
contracting  the  disease  was  not  excluded,  his  claims  were  not  accepted. 

In  1900  the  facts  were  determined  by  scientific  methods.  An 
American  army  being  at  that  time  stationed  in  Cuba,  a  medical  board 
was  appointed  by  Surg.  Gen.  Sternberg  for  the  purpose  of  inves- 
tigating the  acute  infectious  diseases  prevailing  in  the  island.  The 
board  consisted  of  Walter  Reed,  James  Carroll,  Jesse  W.  Lazear, 
and  Aristides  Agramonte.  Dr.  Reed  was  the  chairman  of  the  board. 
In  the  course  of  the  work  yellow  fever  naturally  received  the  main 
measure  of  attention.  The  claims  of  Sanarelli 's  Bacillus  icteroides 
were  disproved,  and  Reed  and  his  associates  began  a  careful  and 
thoroughly  scientific  investigation  of  the  possibilities  of  mosquito 
carriage  of  the  disease.  Experiments  carried  on  by  the  board  were 
as  perfect  in  their  methods  as  it  was  possible  for  scientific  acumen 
and  hard  common  sense  to  make  them.  Every  possible  element  of 
error  seems  to  have  been  guarded  against.  The  final  and  conclusive 
tests  made  during  the  autumn  of  1900  were  conducted  with  a  spirit 
of  earnestness,  self-sacrifice,  and  enthusiasm  which  affected  everycme 
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connected  with  the  work,  even  in  the  most  subordinate  positions, 
private  soldiers  not  only  offering  themselves  for  the  presumably 
dangerous  tests,  but  insisting  that  they  should  be  accepted  as  sub- 
jects for  experimentation.  Dr.  Reed,  the  master  spirit  of  the  in- 
vestigation, was,  moreover,  a  man  above  all  men  for  this  work,  no 
less  in  his  ability  to  compel  the  greatest  confidence  and  enthusiasm 
than  in  the  absolutely  complete  manner  in  which  the  experiments 
were  conducted.  While  the  work  was^  going  on  criticism  was  invited 
and  urged  from  Habana  physicians,  from  visiting  surgeons,  and  from 
everyone  interested,  but  so  perfect  were  the  plans  that  it  seems  im- 
possible that  any  criticism  could  have  been  made. 

An  experimental  sanitary  station  was  established  in  the  open,  a 
mile  from  Quemados.  Two  houses  were  built,  tightly  constructed, 
with  windows  and  doors  protected  by  wire  screens.  In  one  of  these 
houses  soiled  sheets,  pillowcases,  and  blankets  were  used  as  bedding, 
and  this  bedding  was  brought  straight  from  the  beds  of  patients  sick 
with  yellow  fever  at  Habana.  For  63  days  these  beds  were  occupied 
by  members  of  the  Hospital  Corps  for  periods  varying  from  20  to  21 
days.  At  the  end  of  this  occupation  the  men,  who  were  all  nonim- 
munes, were  taken  to  quarantine  for  five  days  and  released.  Not 
one  of  them  was  taken  iU.  All  were  released  in  excellent  health. 
This  experiment  was  of  the  greatest  importance,  as  it  demonstrates 
that  the  disease  is  not  conveyed  by  fomites;  hence  the  disinfection 
of  clothing,  bedding,  or  merchandise  formerly  supposed  to  have  been 
contaminated  by  contact  with  yellow-fever  patients  is  unnecessary* 
This  disinfection  work,  which  hitherto  had  been  carried  to  the  ex- 
treme in  the  case  of  yellow-fever  epidemics  in  our  Southern  States, 
was  shown  to  have  been  perfectly  useless. 

In  the  other  house,  which  was  known  as  the  "  infected  mosquito 
house,"  there  were  no  articles  which  had  not  been  carefully  disin- 
fected. The  house  contained  two  rooms,  and  nonimmunes  were  placed 
'in  both  rooms.  In  one  room,  separated  from  the  other  by  a  wire 
screen  partition,  only  mosquitoes  which  had  bitten  yellow-fever 
patients  were  introduced.  In  the  other  rocMn  they  were  excluded. 
In  the  latter  room  the  men  remained  in  perfect  health.  In  the  mos- 
quito room  50  per  cent  of  the  persons  bitten  by  infected  mosquitoes 
(that  had  been  kept  12  days  or  more  after  biting  yellow- fever  pa- 
tients) were  taken  with  the  disease,  and  the  yellow-fever  diagnosis 
was  confirmed  by  resident  physicians  of  Habana  who  were  above  all 
others  familiar  with  the  disease  in  every  form.  Persons  bitten  by 
mosquitoes  which  had  bitten  a  yellow-fever  patient  within  less  than 
12  days  did  not  contract  the  disease.  In  another  series  of  experi- 
ments seven  persons  were  bitten  by  infected  mosquitoes  by  placing 
the  hand  in  a  jar  containing  the  insects,  and  five  of  them,  ot  71  per 
cent,  contracted  the  disease. 
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It  was  also  found  that  yellow  fever  was  produced  by  the  injectioit- 
of  blood  from  the  general  circulation  of  a  patient.  Subcutaneov  . 
injections  of  2  cubic  centimeters  of  blood  were  followed  by  the  dit. 
ease,  and  the  definite  conclusions  were  reached  that  the  parasite  o^ 
yellow  fever  must  be  present  in  the  general  circulation,  at  least  dur 
ing  the  early  stages  of  the  disease,  and  that  yellow  fever  maybe 
produced,  like  malarial  fevers,  either  by  the  bite  of  the  mosquito  or 
by  the  injection  of  blood  taken  from  the  general  circulation.  From 
these  results  the  important  corollary  was  reached,  to  quote  Dr.  Reed's 
own  words : 

The  spread  of  yellow  fever  can  be  most  effectually  controlled  by  measures 
directed  to  the  destruction  of  the  mosquitoes  and  the  protection  of  the  sick 
against  the  bites  of  these  Insects. 

The  organism  that  causes  the  disease  has  never  been  discovered.  It 
is  doubtless  a  protozoan,  too  small  to  be  seen  with  the  microscope, 
whose  life  cycle  is  partly  in  man  and  partly  in  the  mosquito. 

SUBSEQITEirr  DEMONSTRATION. 

The  finality  of  the  work  of  the  American  Army  c<Mnmission  was 
almost  immediately  accepted  by  sanitarians  throughout  the  Tropics. 
Measures  were  at  once  instituted  in  the  city  of  Habana,  then  under 
American  control,  looking  to  the  eradication  of  yellow  fever  through 
antimosquito  measures.  The  enormous  success  of  this  work,  car- 
ried on  under  the  direction  of  Maj.  (now  Col.)  Gorgas,  is  a  matter 
of  history,  and  by  the  use  of  similar  methods  the  same  efficient  sani- 
tarian has  since  that  time  wiped  out  yellow  fever  in  the  Isthmian 
Canal  Zone.  Similar  work  has  been  done  by  the  sanitary  officials  in 
Brazil  and  in  Mexico  and  other  countries. 

A  striking  instance  of  the  value  of  this  discovery  was  shown  dur- 
ing the  yellow  fever  outbreak  in  New  Orleans  in  1905.  Down  to  the 
middle  of  June  of  the  summer  of  1905  this  outbreak  threatened  to* 
parallel  the  disastrous  outbreak  of  1878,  and  even  to  exceed  that  dis- 
aster in  severity.  Antimosquito  measures  were  imdertaken,  however, 
and  pushed  with  great  energy  and  with  much  expenditure  of  funds, 
the  result  being  a  perfectly  obvious  saving  of  from  3.000  to  4,000  lives 
(luring  that  summer  which  would  undoubtedly  have  been  lost  six 
years  earlier. 

REMEDIES. 

The  general  question  of  remedies  for  mosquitoes  is  considered  in 
Farmers'  Bulletin  444,  and  it  will  therefore  be  unnecessary  to  enter 
upon  tliis  subject  in  this  bulletin.  Readers  are  also  referred  to  Farm- 
ers' Bulletin  450,  on  malaria,  as  related  to  this  general  subject. 
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Washington  D.  C,  May  n,  1913. 
Sir  :  I  have  the  honor  to  transmit  herewith  n  manuscript  entitled  "  Storing  and  Mar- 
keting Sweet  Potatoes,"  prepared  by  Mr.  H.  C    Thompson,  Assistant  Horticulturist  and 
recommend  that  It  be  published  as  a  Farmers'  Bulletin  to  replace  Farmers'  Bulletin  520, 
entitled  "  The  Storing  and  Marketing  of  Sweet  Potatoes." 

The  results  of  the  work  during  the  past  season  put  In  our  possession  Information 
which  makes  It  desirable  to  make  this  change.  The  great  number  of  inquiries  which 
have  been  received  regarding  the  best  methods  of  constructing  storage  houses  makes 
it  necessary  to  give  plans  and  specifications  for  such  buildings,  which  have  been  Included 
as  a  part  of  the  present  bulletin. 

Respectfully,  Wm.  A.  Taylor, 

Chief  of  Bureau, 
Hon.  D.  F.  Houston, 

Secretary  of  Agriculture, 
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STORING  AND  MARKETING  SWEET 
POTATOES. 


nrTKODTJCTioir. 

Each  year  the  sweet  potato  is  becoming  of  greater  importance  as  a 
money  crop  in  the  South.  The  value  of  this  crop  in  the  United  States 
in  1909  was  $34,429,000,  90  per  cent  of  which  was  produced  in  the 
Southern  States.  The  total  area  devoted  to  sweet  potatoes  in  the 
United  States  increased  from  537,000  acres  in  1899  to  641,000  in  1909, 
and  the  yield  increased  from  42,500,000  to  52,200,000  bushels.  The 
total  value  of  the  crop  increased  at  a  much  more  rapid  rate  than 
either  the  acreage  or  yield,  showing  an  increase  of  78.3  per  cent  in 
10  years. 

With  better  metKods  of  storing  and  marketing  the  potatoes,  their 
value  could  be  doubled  without  increasing  the  acreage  or  production. 
This  is  especially  true  in  the  South,  where  the  potatoes  are  either 
rushed  on  the  market  at  digging  time,  when  the  price  is  low,  or 
stored  in  outdoor  pits  of  banks,  where  a  large  portion  decay.  Very 
few  of  the  sweet  potatoes  stored  in  pits  or  banks  ever  reach  the 
market,  for  from  25  to  50  per  cent  spoil  and  those  that  remain  are 
not  of  good  quality.  Even  if  the  pit  or  bank  method  of  storage 
would  keep  the  potatoes  it  is  not  economical.  Too  much  labor 
and  expense  are  required  to  make  these  banks  every  year  and  to 
get  the  potatoes  out  when  wanted  for  market.  Sweet  potatoes 
can  be  marketed  more  economically  and  to  much  better  advantage 
from  storage  houses.  It  is  not  advisable  to  open  a  bank  when  the 
soil  is  wet  or  the  weather  cold,  as  these  conditions  injure  the  potatoes 
and  cause  them  to  decay.  Outdoor  pits  and  banks  can  not  be  de- 
pended on.  Some  years  a  very  small  number  of  the  potatoes  spoil 
in  banks,  while  in  other  years  practically  the  whole  crop  is  lost.  The 
only  safe  and  practicable  method  of  storing  sweet  potatoes  is  in  a 
storage  house,  as  the  potatoes  can  be  taken  out  at  any  time  without 
subjecting  them  to  unfavorable  conditions. 

To  keep  sweet  potatoes  in  good  condition  they  must  be  (1)  well 
matured  before  digging,  (2)  carefully  handled,  (3)   well  dried  or 
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cured  after  being  put  in  the  house,  and  (4)  kept  at  a  uniform  tem- 
perature after  they  are  cured. 

The  grower  can  judge  when  his  sweet  potatoes  are  ripe  by  breaking 
or  cutting  the  tubers  and  leaving  them  exposed  to  the  air  for  a 
few  minutes.  If  the  cut  or  broken  surface  dries  they  are  mature, 
but  if  the  surface  remains  moist  they  are  not  ready  to  be  dug.  In 
regions  where  early  frosts  occur  the  sweet  potatoes  should  be  dug" 
about  the  time  the  first  frost  is  expected,  regardless  of  the  stage  of 
maturity  of  the  tubers. 

The  second  essential,  careful  handling,  is  of  the  greatest  impor- 
tance and  should  be  practiced  in  digging,  gathering,  hauling,  and 
unloading.  The  potatoes  should  be  sorted  in  the  field  and  gathwed 
in  padded  baskets  or  boxes  to  prevent  bruising  or  breaking  the  skin. 
The  baskets  or  boxes  should  be  loaded  on  the  wagon,  hauled  to  the 
storage  house,  and  the  potatoes  carefully  poured  into  the  bins.  When 
they  are  to  be  hauled  very  far  a  wagon  with  bolster  springs  should 
be  used.  Sweet  potatoes  should  never  be  thrown  from  one  row  to 
another,  loaded  loosely  into  a  wagon  body,  or  hauled  in  bags,  be- 
cause any  of  these  methods  will  bruise  them  and  give  a  chance  for 
disease  to  enter. 

The  third  and  fourth  essentials,  thorough  drying  and  a  uniform 
temperature,  can  be  secured  in  a  storage  house  where  artificial  heat 
can  be  supplied.  It  is  essential  that  the  house  be  constructed  in  such 
a  way  that  it  can  be  thoroughly  ventilated  when  necessary,  but  can  be 
made  nearly  air  tight  in  cold  weather.  These  requirements  are  pro- 
vided for  in  the  type  of  house  described  in  this  bulletin. 

It  is  economy  to  build  a  substantial  sweet-potato  storage  house, 
because  it  will  last  longer  and  require  less  attention  than  a  cheap, 
poorly  constructed  one.  It  would  be  possible  to  keep  sweet  potatoes 
in  a  cheaper  and  less  carefully  constructed  house,  but  the  attention 
required  and  the  additional  fuel  used  would  soon  exceed  the  cost  of 
the  extra  care  and  material  required  in  a  better  one.  The  chances  of 
loss  are  much  greater  in  a  poorly  built  than  in  a  well-built  house. 

COirSTRTJCTIOir  OF  A  SWEET-POTATO  STOBAOE  HOUSE. 

Sweet-potato  storage  houses  may  be  built  of  wopd,  brick,  cement, 
or  stone.  Wooden  houses  are  preferable  because  they  are  cheaper 
and  easier  to  keep  dry.  It  is  difficult  to  keep  moisture  from  collect- 
ing on  the  walls  of  a  cement,  stone,  or  brick  house.  The  house  should 
be  built  on  posts  or  piers,  so  as  to  allow  a  circulation  of  air  under  it. 
The  "  dugout,"  or  a  house  built  partly  under  ground,  should  never  be 
used  in  the  South  for  storing  sweet  potatoes,  because  it  is  practically 
impossible  to  keep  this  type  of  house  dry,  and  moisture  in  the  storage 
house  will  cause  the  potatoes  to  rot. 
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In  building  a  storage  house  the  sills  should  be  placed  on  posts  or 
pillars  12  to  15  inches  from  the  ground  or  just  high  enough  for  the 
wagon  bed  to  be  on  a  level  with  the  floor  of  the  house.  The  size  of 
the  house  will  depend  on  the  quantity  of  potatoes  to  be  stored.  A 
house  20  by  40  feet,  built  according  to  the  plans  shown  in  figures 
1  to  4,  will  hold  from  2,500  to  3,000  bushels.  This  type  of  house  may 
be  constructed  as  follows: 

Three  rows  of  pillars  should  be  built,  one  under  each  side  and  one 
under  the  center  of  the  house^  using  cement,  brick,  or  wooden  blocks. 
On  the  pillars  sills  8  by  8  or  8  by  10  inches  should  be  placed  and 
on  these  2  by  8  or  2  by  10  inch  sleepers.  Over  the  sleepers  a  rough 
floor  of  1  by  4  or  1  by  6  inch  boards  should  be  laid,  then  a  layer  of 
heavy  building  paper,  and  over  this  matcTied  flooring.    The  walls  of 
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Flo.  1, — Ground  plan  of  a  good  type  of  Bweet-potato  storage  house. 

the  house  should  be  built  by  placing  2  by  4  or  2  by  6  inch  studding 
every  2  feet.  On  the  outside  a  layer  of  1  by  6  inch  boards  should  be 
nailed  diagonally  to  brace  the  wall ;  over  these  a  layer  of  heavy  build- 
ing paper  should  be  placed,  and  then  matched  siding.  The  inside  of 
the  building  should  be  ceiled  with  1  by  6  inch  rough  boards,  then  a 
layer  of  heavy  building  paper,  and  over  this  matched  boards  or  wain- 
scoting. In  the  lower  South  the  first  layer  of  boards  on  the  inside 
may  be  omitted  and  the  paper  tacked  to  the  studding,  the  matched 
boards  being  nailed  over  this.  The  sides  should  be  well  tied  together 
and  for  this  purpose  2  by  4  inch  scantling  placed  4  feet  apart,  so  as 
to  be  over  the  partitions  for  the  bins,  will  be  satisfactory.  The  roof 
may  be  made  of  shingles,  roofing  paper,  tin,  or  galvanized  iron. 
Galvanized  iron  is  preferable  because  it  is  the  most  durable  and 
lessens  danger  from  fire.  Use  2  by  4  or  2  by  6  inch  scantling  for 
rafters  and  make  the  roof  tight,  so  as  to  keep  out  the  cold.  It  is  a 
pood  plan  to  put  a  layer  of  building  or  roofing  paper  over  the  rafters 
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under  the  roofing  material.  On  the  inside  of  the  rafters  nail  a  layer 
of  unmatched  boards,  then  a  layer  of  heavy  building  paper,  and 
over  this  a  layer  of  matched  material. 

The  space  between  the  walls  should  be  left  open,  because  any  ma- 
terial used  to  keep  out  the  cold  will  take  up  moisture.    Many  storage 

houses  have  been 
built  with  sawdust, 
shavings,  or  similar 
material  between  the 
walls,  but  this  prac- 
tice should  never  be 
followed.  Sawdust 
will  take  up  mois- 
ture and  when  once 
wet  will  never  dry 
out.  This  moisture 
will  keep  the  house 
damp  and  cause  the 
walls  to  rot.  The 
air  space  is  as  good 
an  insulator  as  the 
sawdust  if  the  walls 
are  made  tight,  and 
^  they  will  be  if  the 
plans  given  here  are 
followed. 

Thorough  ventila- 
tion is  necessary  in  a 
storage  house.  To 
secure  this  there 
should  be  three  win- 
dows on  each  side,  a 
door  in  each  end  of  a 
20  by  40  foot  house, 

Pig.  2.— Details  of  construction  of  a  sweet-potato  storage      at  least  twO  VCntila- 

^^^^-  tors  through  the  roof, 

a  ventilator  in  the  floor  in  each  comer  of  the  house  and  one  on  each 
side  of  the  stove.  In  a  smaller  house  it  may  not  be  necessary  to 
have  more  than  one  door.  In  this  case  there  should  be  a  window  in 
the  back  of  the  house  and  a  door  in  front.  The  bottom  of  the  win- 
dows should  be  within  18  inches  or  2  feet  of  the  floor.  The  windows 
and  doors  must  be  made  so  as  to  close  tightly  to  keep  out  the  cold. 
A  good  plan  is  to  make  the  doors  and  windows  like  those  shown  in 
figure  5.     All  windows  should  be  made  to  open  from  the  outside,  as 
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the  bins  will  be  in  the  way  of  opening  from  the  inside.  WTiere  glass 
windows  are  used,  outside  shutters  are  put  on,  as  shown  in  figure  6, 
and  these  should  be  well  padded.    Some  of  the  windows  should  be 


Sjr&  V4rt7///«/or- 
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Fio.  3. — Side  elevation  of  a  sweet-potato  storage  house. 

made  of  glass,  so  as  to  admit  light  without  letting  in  cold  air,  as 
it  is  necessary  to  have  light  when  working  in  the  house,  and  in  cold 
weather  the  house  should  not  be  kept  open.  All  of  the  openings  must 
be  made  so  they  can  be  closed  quickly  and  tightly  whenever  necessary. 

X- 


V 


Pig.  4. — Cross  section  of  a  sweet-potato  storage  house. 

The  ventilators  in  the  roof  should  extend  through  the  ceiling,  so  as 
to  carry  out  the  warm  air  as  it  rises.  Ventilators  8  by  8  or  10  by 
10  inches,  made  of  wood,  are  very  satisfactory.  These  should  be 
provided  with  a  roof  to  keep  out  rain  and  at  the  bottom  end  with 
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a  tight-fitting  shutter,  which  can  be  closed  in  cold  weather.  The  ven- 
tilators in  the  floor  may  be  holes  12  by  12  inches,  but  they  should 
be  provided  with  tight-fitting  covers,  so  that  they  can  be  closed  when 
necessary. 

The  interior  of  the  house  should  be  arranged  for  convenience  in 
handling  the  potatoes.  It  should  be  divided  into  bins  of  convenient 
size  so  constructed  as  to  allow  air  to  circulate  around  the  potatoes.  A 
good  arrangement  of  a  passageAvay  and  bins  is  shown  in  the  ground 
l)lans,  figure  1. 


Fig.  5. — A  good  type  of  sweet-potato  storage  house,  but  more  expensive  than  necessary. 
This  house  Is  14  by  20  feet  and  Is  heated  by  an  oil  stove. 

The  bins  are  made  as  follows :  For  the  corner  and  middle  supports 
2  by  4  inch  scantlings  should  be  set  up,  the  lower  end  nailed  to  the 
floor,  and  the  upper  to  the  crosspieces  used  for  tying  the  sides  to- 
gether. Over  the  supports  1  by  4  inch  boards  should  be  nailed,  leav- 
ing a  1-inch  space  between  them.  The  ends  of  the  bins  parallel  with 
the  outside  wall  of  the  house  must  be  built  first,  because  there  is  not 
room  enough  to  work  between  the  bin  and  the  outside  wall.  In 
making  the  floors  2  by  4  inch  scantlings  should  be  cut  to  go  across  the 
bin  and  placed  on  edge,  one  near  each  end  and  one  in  the  center.  To 
these  should  be  tacked  1  by  4  inch  boards,  leaving  a  1-inch  space  be- 
tween them.  The  bin  floor  should  not  be  fastened  to  the  floor  of  the 
house.    If  left  loose  it  can  be  taken  out  when  the  house  is  cleaned 
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and  disinfected  during  the  summer.  The  size  of  the  bins  will  depend 
somewhat  on  the  arrangement  and  size  of  the  house.  The  bins  shown 
in  figures  1  and  4  are  4  f^et  wide,  7^  feet  long,  and  8  feet  deep,  which 
is  a  convenient  size.  There  should  be  a  6  to  12  inch  space  between  the 
walls  and  the  bins,  to  allow  a  circulation  of  air.  It  is  advisable  to 
slat  up  both  sides  of  the  scantlings  between  the  bins  in  order  to  leave 
an  air  space  between  the  potatoes  in  the  different  bins.  The  con- 
struction here  described  allows  a  4-inch  air  space  between  the  bins, 
a  4-inch  space  under  the  bins,  and  G  inches  between  the  bins  and 
outside  walls. 

On  many  farms  in  the  South  there  are  buildings,  such  as  abandoned 
tenant  houses,  that  could  be  converted  into  sweet-potato  storage 
houses  at  very  little  expense.    Where  there  are  such  buildings  they 


Fig.  6. — A  satisfactory  swoet-potato  storage  house,  12  by  24  feet,  costing  about  half  as 
much  as  the  one  shown  In  figure  5. 

should  be  used  rather  than  to  build  a  new  house.  These  houses  will 
usually  need  to  be  ceiled  on  the  inside.  For  this  purpose  2  by  4  inch 
scantlings  should  be  set  against  the  wall  and  covered  first  with  build- 
ing paper  and  then  a  layer  of  matched  lumber.  The  windows  and 
doors  should  be  made  tight  and  ventilators  put  in  where  needed.  The 
bins  may  be  made  as  alread}'  described. 

MATEBIAL  BEQTJIEED  FOB  A  20  B7  40  FOOT  STOBAOE  HOUSE. 

It  is  not  practicable  to  give  the  cost  of  a  sweet-potato  storage 
house,  because  of  the  difference  in  the  price  of  materials  and  labor 
in  different  sections  of  the  country.     Given  the  amount  of  material 
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required  it  will  be  easy  for  anyone  to  secure  estimates  on  the  cost 
of  the  materials  in  his  locality.  For  a  house  20  by  40  feet  built 
after  the  plans  given  in  this  bulletin  it  will  require  approximately 
the  following  materials : 

Lumber  for  storage  house  proper:  Board  feet. 

Sills,  8  pieces  8  by  8  inches  by  20  feet 860 

Sleepers,  21  pieces  2  by  10  inches  by  20  feet 700 

Studding,  64  pieces  2  by  6  Inches  by  9  feet 576 

Rafters,  42  pieces  2  by  6  Inches  by  12  feet 504 

Tying  sides,  10  pieces  2  by  4  inches  by  20  feet 135 

Plates,  6  pieces  2  by  6  inches  by  20  feet 120 

Material,    rough    boards,    miscellaneous    lengths,    for    inner 

walls,  floor,  etc 4,500 

Flooring 960 

Dressed  tongue-and-groove  material 2,600 

Drop  siding 1,500 

Total  number  of  board  feet  for  the  walls,  floor,  and  ceiling,  9, 660 

Lumber  for  bins : 

Bin  supports,  60  pieces  2  by  4  inches  by  8  feet 320 

Floor  supports,  60  pieces  2  by  4  inches  by  4  feet 160 

Sides  and  ends  of  bins,  1  by  4  inches,  miscellaneous  lengths—  3, 000 
Floor  of  bins,  1  by  4  inches,  miscellaneous  lengths 560 

Total  number  of  board  feet  for  bin  material 4,040 

Total  amount  of  lumber :. 13,600 

Miscellaneous  material : 

4,500  square  feet  of  building  paper. 
10  squares  of  galvanized-iron  roofing. 

1  stove. 

1,000  bricks  for  chimney  and  pillars. 

8  pairs  of  hinges  for  doors  and  windows. 

200  pounds  of  nails. 

2  doors. 

6  windows. 

1  flue  plate  and  hanger. 

VABIETIES  OF  SWEET  POTATOES  FOB  ICASEET. 

The  varieties  of  sweet  potatoes  to  grow  depend  on  the  market  to 
be  supplied.  The  northern  and  eastern  markets  demand  a  dry,  mealy 
potato,  such  as  the  Big-Stem  Jersey,  including  the  so-called  Improved 
Jersey,  Yellow  Nansemond,  Early  Carolina,  Gold  Coin,  and  others. 
The  markets  of  the  South  demand  a  moist,  sweet  root.  Among  the 
varieties  most  in  demand  in  the  South  are  the  Nancy  Hall,  Dooley 
Yam,  Pimipkin  Yam,  and  Triumph.  The  southern  farmers  should 
supply  their  own  markets  before  trying  to  ship  their  potatoes  to  the 
northern  markets.  During  the  late  winter  and  spring  the  larger 
cities  of  the  South  get  sweet  potatoes  from  regions  in  the  North,  be- 
cause they  can  not  secure  the  southern  varieties  at  that  time.    With 
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storage  houses,  these  markets  could  be  supplied  with  southern-grown 
potatoes  throughout  the  season.  The  markets  of  the  West  will  take 
the  moister  fleshed  potatoes  grown  in  the  South,  and  a  good  trade 
could  be  built  up  in  this  region. 

While  the  varieties  of  sweet  potatoes  grown  in  the  South  are  pre- 
ferred by  the  southern  people,  the  dry,  mealy  roots  sell  best  in  the 
markets  of  the  North.  The  grower  should  aim  to  give  the  consumers 
what  they  want,  and  when  growing  sweet  potatoes  for  northern 
markets  the  Big-Stem  Jersey  should  be  grown,  regardless  of  the 
grower's  preference. 

HAEVESTINO  SWEET  POTATOES. 

Careful  handling  is  one  of  the  essentials  in  keeping  sweet  potatoes, 
and  there  is  no  more  important  place  to  practice  it  than  in  the 
field  at  digging 
time.  The  imple- 
ment used  to  dig 
sweet  potatoes 
should  be  one  that 
does  not  cut  or 
bruise  the  roots. 
One  of  the  best 
types  of  diggers  is 
a  plow  with  rolling 
colters  on  the  beam 
to  cut  the  vines  and 
with  rods  attached 
to  the  moldboard  to 
free  the  roots  from 
the  soil  and  vines. 
(Fig.  7.)    After  the 

.     .  ,  Pio.  7. — Special  plows  used  for  digging  sweet  potatoes. 

potatoes  are  dug 

they  should  be  scratched  out  by  hand  and  allowed  to  remain  exposed 
long  enough  to  dry  off.  The  digging  should  be  done,  if  possible, 
when  the  weather  is  bright  and  the  soil  is  dry. 

The  potatoes  should  be  graded  in  the  field  in  order  to  reduce  the 
cost  of  handling  to  a  minimum.  A  good  plan  is  to  go  over  the  rows 
and  pick  up  the  sound,  marketable  potatoes  in  one  basket,  then 
gather  all  of  the  seed  stock  in  another  basket  or  box,  and  the  injured 
ones  in  still  another.  These  lots  should  be  stored  in  different  bins. 
By  following  this  method  it  will  not  be  necessary  to  grade  the  po- 
tatoes at  the  storage  house  and  will  thus  save  time  and  reduce  the 
cost  of  handling.  The  potatoes  should  be  poured  into  the  bins  as 
carefully  as  possible,  to  prevent  bruising.  Sweet  potatoes  can  be 
stored  in  boxes,  hampers,  baskets,  or  bins  with  equally  satisfactory 
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results.  The  preference  of  the  individual  grower  will  determine  the 
method  to  be  employed.  , 

Each  year  after  the  sweet  potatoes  have  been  marketed  the  house 
should  be  thoroughly  cleaned  and  disinfected  before  being  used 
again.  All  dirt  and  refuse  should  be  cleaned  out  and  all  parts  of  the 
interior  sprayed  or  washed  thoroughly  with  a  solution  of  formalin 
(1  pint  of  formalin  to  10  or  15  gallons  of  water).  Diseased  roots 
should  not  be  thrown  on  the  manure  pile  or  on  land  to  be  used  for 
sweet  potatoes,  the  safest  plan  being  to  burn  them. 

In  filling  the  storage  house  the  workmen  should  begin  at  the  back 
end  of  the  bins  and  pour  a  layer  of  potatoes  about  2  feet  deep 
in  all  of  the  bins  rather  than  fill  one  bin  at  a  time.  If  the  bins 
are  8  or  10  feet  long  it  is  a  good  plan  to  divide  them  into  two  parts. 
By  nailing  cleats  to  the  middle  support  of  the  bins,  as  shown  in 
figure  1,  the  partition  can*  be  raised  as  the  bins  are  filled.  The  parti- 
tion boards  should  have  some  space  between  them  to  allow  free  cir- 
culation of  air.  A  1-inch  block  between  the  boards  will  be  satisfac- 
tory to  separate  them.  By  dividing  the  bins  in  this  way  the  back  of 
the  bin  can  be  filled  without  walking  over  the  potatoes  in  the  front 
part.  When  taking  the  potatoes  out,  those  in  one  section  of  a  bin 
can  be  removed  without  disturbing  the  remainder.  This  is  very  im- 
portant where  the  potatoes  are  sold  in  small  quantities. 

While  the  potatoes  are  being  brought  in,  a  fire  should  be  kept  up  in 
the  storage  house  to  drj'  off  the  moisture.  A  temperature  of  80°  to 
85°  F.,  with  plenty  of  ventilation,  should  be  maintained  for  10  days 
or  2  weeks,  depending  on  weather  conditions  and  the  variety  of  po- 
tatoes. Ventilation  is  absolutely  necessary,  and  even  if  it  is  not  pos- 
sible to  keep  the  temperature  up  to  80°  F.  it  is  necessary  to  leave  the 
ventilators  open,  so  as  to  drive  out  the  moisture-laden  air.  The  house 
may  be  closed  at  night,  and  should  be  kept  closed  on  cloudy  days,  but 
if  moisture  begins  to  deposit  on  the  walls  or  ceiling  the  house  should 
be  opened  and  a  fire  started  to  drive  off  the  moisture.  The  air  inside 
the  house  should  be  kept  warmer  than  the  outside  air  during  the 
curing  period.  This  will  prevent  moisture  from  being  deposited  on 
the  walls.  As  the  air  warms  it  expands  and  takes  up  moisture.  When 
it  cools  it  contracts  and  gives  up  its  moisture.  This  makes  it  im- 
portant to  get  the  moisture-laden  air  out  of  the  house  by  ventilation. 
^Vhen  the  potatoes  are  thoroughly  dried  or  cured  the  temperature 
should  be  gradually  reduced  to  55°  F.  and  kept  as  near  that  f)oint  as 
possible  during  the  remainder  of  the  storage  period.  If  the  tem- 
perature goes  below  48°  a  fire  should  be  made  or  the  house  opened  in 
the  middle  of  the  day  whenever  the  temperature  on  the  outside  is 
high  enough.  When  the  temperature  goes  above  60°  F.  the  house 
should  be  opened  in  the  cool  of  the  day  to  lower  the  temperature  to 
54°  or  55°  and  then  closed.    The  house  should  have  some  ventilation 

548 


Digitized  by 


Google 


STORING  AND  MARKETING  SWEET  POTATOES.  13 

every  day.  In  mild  weather  the  ventilators  in  the  roof  may  be  partly 
open  all  the  time,  but  they  should  be  closed  in  cloudy  or  cold  weather. 
A  small  house  can  be  heated  with  a  sheet-iron  stove  that  will  bum 
knots  and  other  pieces  of  wood.  Coal  stoves  may  be  used  if  pre- 
ferred, but  the  air-tight  wood  stoves  will  serve  the  purpose.  It 
requires  a  longer  time  to  get  up  heat  with  a  coal  stove  than  with  a 
wood  stove,  and  this  is  one  disadvantage  of  the  former.  Many  times 
all  that  is  necessary  to  raise  the  temperature  a  few  degrees  is  to  start 
a  little  wood  fire.  In  a  commercial  storage  house  a  hot-water  heater 
with  pipes  around  the  walls  would  be  preferable  to  a  stove,  but  even 
a  house  that  will  hold  10,000  to  25.000  bushels  of  potatoes  may  be 
heated  with  a  good  stove.  The  location  of  the  stove  in  the  house 
depends  on  the  size  of  the  house  and  the  direction  of  the  cold  winds. 
Ordinarily  the  stove  should  be  near  the  center  of  the  house,  but  if 
the  cold  wind  strikes  one  end  the  stove  should  be  in  that  end.  Some 
storage  houses  have  a  small  stove  in  each  end,  and  this  is  the  best 
arrangement  in  a  long  house.  Others  have  a  stove  in  one  end,  with 
the  pipe  entering  the  chimney  at  the  other  end.  Considerable  open 
space  should  be  left  around  the  stove  to  prevent  the  potatoes  from 
being  injured  by  excessive  heat. 

MAEEETINO  SWEET  POTATOES. 

One  reason  why  southern  farmers  have  not  received  good  prices 
for  their  sweet  potatoes  is  that  they  have  not  used  proper  methods 
of  handling  and  marketing.  In  many  cases  the*  potatoes  are  badly 
bruised  and  cut  in  digging,  are  put  in  bags  or  rough  barrels  without 
grading,  and  are  rushed  on  the  market  when  there  is  an  oversupply. 
The  secrets  of  success  in  getting  high  prices  are  (1)  to  carefully 
grade,  clean,  and  pack  the  product  and  (2)  to  put  it  upon  the  market 
when  there  is  a  good  demand.  The  greatest  demand  for  sweet  pota- 
toes is,  as  a  rule,  from  the  middle  of  December  to  the  middle  of 
March. 

When  the  potatoes  are  to  be  marketed  they  must  be  carefully 
graded,  no  matter  how  well  it  had  been  done  when  they  were  put 
in  the  house.  The  market  demands  a  medium-sized,  uniform  type  of 
sweet  potato,  free  from  bruises  or  decayed  spots.  In  grading,  the 
large,  overgrown,  and  the  crooked,  broken,  or  bruised  roots  should 
be  kept  at  home  for  feeding  or  for  canning.  The  best  potatoes  will 
bring  a  higher  price  when  separated  from  the  culls.  Two  market 
grades  are  sometimes  made — the  "  extra  selects  "  or  "  primes  "  and 
the  "  seconds  "  or  "  pie  stock  " — ^but  the  southern  farmer  will  do 
well  to  make  just  one  market  grade  and  keep  the  others  for  feeding 
to  his  live  stock. 
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After  carefully  grading  the  potatoes  they  should  be  put  in  clean, 
neat,  attractive  packages.  Bags  should  never  be  used,  as  the  potatoes 
become  badly  bruised  when  handled  in  this  way.  The  standard 
veneer  potato  barrel  with  a  burlap  cover,  shown  in  figure  8,  is  usually 
used  in  summer  or  autumn,  but  for  winter  shipment  the  double- 
headed  stave  barrel  or  tight  box  is  used.  The  smaller  type  of  pack- 
age, such  as  the  bushel  hamper  (fig.  9),  bushel  box,  or  basket,  is 
becoming  more  popular  each  year.  A  neat  and  attractive  package  of 
well-graded  potatoes  will  bring  a  good  price  almost  any  time,  even 
when  the  market  is  overstocked  with  inferior  goods. 

Potatoes  shipped  during  the  winter  must  be  protected  from  the 
cold.    When  a  sweet  potato  becomes  chilled  its  quality  is  impaired 

and  decay  soon  sets  in. 
In  cold  weather  the 
package  should  be 
covered  with  paper 
and  the  cars  heated  to 
prevent  chilling  the 
potatoes.  Some  find 
it  advantageous  to  line 
their  baskets  and  bar- 
rels with  paper. 

SUMMABT. 

The  value  of  the 
sweet  potato  has  in- 
creased about  80  per 

Fig.  8. — Standard  potato  barrel,  commonly  used  for  the         cent     in     the     last     10 
shipment  of  sweet  potatoes  during  the  summer  months.  -rrr  •  x  i^     UaH 

methods  of  storing  and  marketing  the  present  value  could  be  doubled. 

Sweet  potatoes  can  be  kept  satisfactorily  in  a  storage  house  where 
the  temperature  and  moisture  conditions  can  be  controlled. 

Sweet  potatoes  to  keep  well  must  be  well  matured,  carefully  han- 
dled, thoroughly  cured,  and  kept  at  a  uniform  temperature  while  in 
storage. 

Thorough  ventilation  is  essential  during  the  curing  period. 

The  temperature  should  be  kept  at  about  80°  or  85°  F.  during  the 
curing  period  and  reduced  gradually  to  55°  after  the  potatoes  are 
cured. 

Fluctuations  of  temperature  should  be  avoided  throughout  the 
storage  period. 

The  varieties  of  sweet  potatoes  that  the  markets  demand  should  be 
grown. 
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The  potatoes  should  be  carefully  graded,  cleaned,  and  packed  in 
neat  and  attractive  packages. 

Sweet  potatoes  should  never  be  marketed  in  bags  or  in  bulk. 

Veneer  barrels  or  bushel  hampers  are  desirable  packages  to  use 
during  mild  weather  and  double-headed  stave  barrels  or  tight  boxes 
in  cold  weather. 


Fig.  9. — Wagon  adapted  to  hauling  sweet  potatoes  from  the  field  to  the  storage  house  or 

shipping  point, 

With  the  growing  demand  for  sweet  potatoes  there  is  every  in- 
ducement for  the  southern  farmer  to  adopt  better  methods  of  grow- 
ing and  marketing,  so  as  to  make  the  sweet  potato  a  more  important 
money  crop. 
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Edited  by  W.  H.  Bbal  and  the  Staff  of  Experiment  Station  Record. 


Experiment  Station  Work  is  a  sabseriee  of  brief  popular  bulletins  compiled  from 
the  published  reports  of  the  agricultural  experiment  stations  and  kindred  institutions 
in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  disseminate 
throughout  the  country  information  regarding  experiments  at  the  different  experiment 
stations,  and  thus  to  acquaint  farmers  in  a  general  way  with  the  progress  of  agricultural 
investigation  on  its  practical  side.  The  results  herein  reported  should  for  the  most 
part  be  regarded  as  tentative  and  suggestive  rather  than  conclusive.  Further  experi- 
ments may  modify  them,  and  experience  alone  can  show  how  far  they  will  be  useful 
in  actual  practice.  The  work  of  the  stations  must  not  be  depended  upon  to  produce 
"rules  for  farming.''  How  to  apply  the  results  of  experiments  to  his  own  conditions 
will  ever  remain  the  problem  of  the  individual  farmer. — ^A.  C.  Teub,  Director,  Office 
of  Experiment  Stations. 
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THE  FABM  WATEE  SITPPLT.' 

Nothing  is  more  essential  to  the  health  and  comfort  of  the  farm 
home  than  a  plentiful  and  wholesome  water  supply,  and  yet  it  is  one 
of  the  everyday  necessities  most  commonly  neglected  or  inadequately 
provided  for.  As  M.  L.  Fuller,  of  the  United  States  Geological  Sur- 
vey, points  out,  "  farms,  which  are  generally  remote  from  towns, 
cities,  or  other  areas  of  congested  population,  seem  to  be  almost 
ideally  situated  for  obtaining  pure  and  wholesome  water.  In  reality, 
however,  polluted  water  is  exceedingly  conmion  on  them,  and 
typhoid-fever  rates  are  usually  greater  in  coimtey  districts  than  in 
cities.  Typhoid  fever  is  now  almost  universally  believed  to  be  trans- 
mitted solely  through  drink  or  food  taken  into  the  stomach,  and  is 
especially  liable  to  be  communicated  by  polluted  waters  obtained 
from  shallow  wells  near  spots  where  the  discharges  of  typhoid 
patients  have  been  thrown  upon  the  ground  and  subsequently  carried 
down  through  the  soil  and  into  the  wells,  and  it  is  doubtless  princi- 
pally this  fact  that  makes  the  disease  so  common  in  farming  regions." 

The  germs  of  various  diseases  may  be  transmitted  by  polluted 
water,  some  of  them  being  so  uniformly  transmitted  through  this 
means  that  they  are  known  as  "water-borne"  diseases.  These  in- 
clude especially  dysentery  and  other  intestinal  disorders  in  addition 
to  typhoid  fever.  That  deplorably  insanitary  conditions  as  regards 
the  farm  water  supply  very  widely  prevail  is  well  established,  but  it 
has  been  difficult  to  bring  about  the  general  adoption  of  methods  which 
would  easily  remedy  these  conditions.  As  the  country  becomes  more 
thickly  settled  and  new  industries  are  established,  the  danger  of 

*  A  progress  record  of  experimental  Inquiries  published  without  assumption  of  responsi- 
bility by  the  department  for  the  correctness  of  the  facts  and  conclusions  reported  by  the 
stations. 

«  Compiled  from  North  Dakota  Sta.  Bui.  66 ;  Oklahoma  Sta.  Buls.  66,  67 ;  Canada  Expt. 
Farms  Epts.  1911,  p.  201 ;  1912,  p.  167 ;  U.  S.  Dept  Agr..  Bur.  Plant  Indus.  BuL  164 ; 
U.  S.  Geol.  survey,  Water-Supply  Taper  255;  Univ.  111.  Bui.,  7  (1909),  No.  2,  p.  78;  Ann. 
Bpts.  Ind.  Bd.  Health,  27  (1908).  p.  345;  29  (1910),  p.  349;  Univ.  Mo.  Bnl.,  2  (1910)  ; 
Reprint  from  Pub.  Health  Jour.,  State  Med.  and  Sanit.  Rev.,  1912,  April ;  Sci.  Amer.,  107 
(1912),  No.  2,  p.  33 ;  Engin.  and  (Jbntract.,  39  (1913),  No.  14,  p.  394 ;  Municipal  Jour.,  34 
(1913),  No.  15,  p.  524.  See  also  U.  S.  Dept.  Agr.,  Farmers'  Buls.  73,  p.  3;  296,  p.  5. 
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pollution  of  the  natural  water  supplies  is  vastly  increased  and  tine 
need  of  greater  care  in  protection  of  wells  and  other  sources  of  supply 
becomes  more  urgent. 

Investigations  made  by  K.  F.  Kellerman  and  H.  A.  Whittaker, 
of  the  Bureau  of  Plant  Industry  of  this  department,  in  cooperation 
with  the  Minnesota  State  Board  of  Health,  showed  that  of  79  care- 
fully selected  and  typical  farm  water  supplies  in  Minnesota,  mainly 
well  waters,  20  were  good  and  69  were  polluted,  usually  because  of 
careless  or  ignorant  management,  and  generally  as  a  result  of  poor 
location  or  lack  of  protection  against  siirface  wash  or  infiltration. 
The  rivers,  surface  reservoirs,  and  cisterns  investigated  were  found 
to  be  polluted  to  such  an  extent  that  it  is  considered  doubtful  whether 
satisfactory  supplies  can  be  secured  for  household  use  from  such 
sources. 

A  large  proportion  of  the  farm  water  supply  comes  from  shallow 
wells,  which  are  particularly  subject  to  contamination.  Deep  wells 
are  safer,  but  are  not  entirely  free  from  danger  of  pollution. 

F.  T.  Shutt,  of  the  Canada  Experimental  Farms,  concludes  from  an 
examination  of  several  thousand  samples  of  water  used  on  farm 
homesteads  in  Canada  that  "probably  not  more  than  one-third  of 
them  are  puife  and  wholesome.'' 

The  source  of  the  supply,  both  for  man  and  beast?  on  the  majority  of  farms 
is  the  shaDow  weU  that  merely  collects  "  ground  water,"  the  soakage  from  the 
surrounding  soil.  Too  often  convenience  alone  is  consulted  in  locating  the 
well  and  as  a  consequence  we  find  it  in  the  barnyard  or  dangerously  near  the 
privy  or  other  source  of  contamination.  After  a  few  year8>  even  on  new 
homesteads,  the  water  finding  its  way  into  such  wells  will  be  seriou^y  polluted. 
These  waters  are  no  doubt  the  cause  in  many  instances  of  ill  health  on  the 
farm,  and  at  times  we  have  been  able  to  show  that  they  are  directly  responsible 
for  an  outbreak  of  typhoid  fever. 

H.  E.  Barnard  and  J.  H.  Brewster,  of  the  Indiana  Board  of 
Health,  found  in  an  examination  of  the  rural  water  supplies  in  that 
State  that  "of  the  private  rural  water  supplies  examined,  177  were 
deep  wells,  411  shallow  wells,  5  ponds,  40  springs,  and  27  cisterns. 
One  hundred  and  sixteen  of  the  deep-well  waters  were  of  a  good 
quality,  45  were  bad,  and  16  doubtful.  But  159  of  the  411  shallow- 
well  waters  were  potable,  209  were  unequivocally  bad,  and  43  were  of 
doubtfid  quality."  A  large  percentage  of  the  waters  used  by  the 
families  in  which  typhoid  fever  had  occurred  was  unequivocally  bad. 

E.  Bartow  found  in  a  water  survey  of  Illinois  that  three-fourths 
of  the  shallow  wells  of  the  State  were  contaminated  and  possibly 
dangerous.  He  states  that,  where  it  is  possible  to  obtain  a  satisfac- 
tory water  supply  by  means  of  driven  or  bored  wells,  such  wells 
are  much  to  be  preferred  to  the  dug  wells.  The  reasons  for  this  are 
illustrated  in  figure  1.    In  a  dug  well,  as  indicated  in  the  illustration, 

549 


Digitized  by 


Google 


BXPEBIMBNT  STATION   WOBK,   LXXVI.  7 

the  casing  is  usually  either  stone  or  brick,  and  such  a  casing  allows 
water  to  seep  in  throu^  its  entire  depth.  In  case  of  a  drilled,  driven, 
or  bored  well  carefully  cased  there  is  no  chance  for  water  to  enter  the 
well  above  the  strainer  until  after  it  has  passed  through  a  layer  of 
earth  equal  in  thickness  to  the  distance  from  the  surface  to  the  top 
of  the  strainer,  the  earth  thus  serving  as  a  natural  filter.  In  some 
cases,  as  shown  in  the  figure,  the  drilled,  driven,  or  bored  well  passes 
through  a  layer  of  earth  through  which  water  will  not  pass,  and 
therefore   has   additional    protection    from   surface   contamination. 


Pio.  1. — Driven  and  dug  wells,  showing  relative  danger  of  drainage  contamination. 

Prof.  Bartow  proposes  as  a  further  means  of  protection  for  shallow 
wells  that  the  earth  be  excavated  for  4  feet  outside  of  the  regular 
casing  and  to  a  depth  of  4  feet,  that  a  coat  of  water-proof  Portland 
cement  be  placed  over  this  casing,  and  that  the  bottom  of  the  excava- 
tion, which  should  be  at  least  4  feet  deep,  be  covered  with  several 
inches  of  the  cement,  having  a  raised  portion  at  the  other  edge  where 
the  water  will  collect  and  be  carried  away  from  the  well  by  means  of 
u  tile  drain,  as  is  shown  in  figure  2.  This  arrangement  would  pre- 
vent surface  water  that  has  not  passed  through  at  least  4  feet  of  earth 
from  gaining  access  to  the  well. 
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As  regards  the  quality  of  water  from  different  soils  and  strata, 
M.  L.  Fuller  states  that  in  general  waters  from  sand  and  gravels,  if 
taken  from  a  considerable  distance  below  the  surface,  are  safe  to  use. 
Waters  from  clay  are  likely  to  be  mineralized,  but  are  as  a  rule  free 
from  contamination.  Waters  from  sandstone,  conglomerate,  quartz- 
ite,  shale,  and  slate  are  generally  free  from  contamination.  Waters 
from  limestone,  however,  particularly  in  the  vicinity  of  buildings 
or  settlements,  are  frequently  contaminated -and  unfit  for  use  "be- 
cause of  the  fact  that  the  water  falling  on  the  surface  as  rain  often 
plunges  directly  through  basins  or  sinks  into  the  underground  chan- 
nels instead  of  slowly  filtering  downward  through  the  soil  and  into 
the  rock,  as  in  most  other  materials.  This  water  carries  with  it  the 
impurities  washed  or  otherwise  brought  to  the  sink  and  bears  them 
along  through  underground  passages  to  distant  points." 

On  accounte  of  the  joints  and  fissures  which  occur  in  granite,  gneiss, 
and  schist,  waters  from  these  rocks  are  frequently  contaminated, 

y^AT^-neHT]        particularly  in  cities  and 
^<^^^  other    thickly    populated 

regions. 

The  location  of  the  well 
has  much  to  do  with  its 
freedom  from  contamina- 
tion. On  a  large  number 
of  farms  shallow  wells  are 
located  in  the  barnyard, 
where  there  is  unavoidably 
more  or  less  accumulation 
of  manure;  or  under  the  barn  or  stable;  or  in  more  or  less  close  prox- 
imity to  one  or  other  of  the  farm  buildings  containing  stock;  or  at 
no  great  distance  from  a  privy  vault  or  leaching  cesspool ;  or,  lastly, 
close  to  the  back  door  out  of  which  the  household  slops  are  thrown 
and  near  which  only  too  frequently  vegetable  and  animal  refuse  are 
allowed  to  accumulate  and  decompose. 

It  is  obvious  that  the  wells  should  be  located  high  enough  above 
the  farm  buildings  to  secure  good  surface  drainage  away  from  the 
well  and  as  far  removed  from  all  possible  sources  of  contamination 
as  convenience  will  permit,  and  in  locating  the  well  and  providing 
for  its  protection  against  pollution  account  should  be  taken  of  the 
fact  to  which  K.  A.  McVey,  of  the  engineering  experiment  station  of 
the  University  of  Missouri,  calls  attention,  that  the  quality  of  the 
water  in  a  shallow  well  may  depend  to  some  extent  upon  the  rate  at 
which  it  is  pumped.  He  states  that  the  well  may  be  located  higher 
than  the  surroimding  farm  buildings  and  sources  of  contamination, 
yet  when  a  large  quantity  of  water  is  pumped  from  it  the  under- 
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ground  conditions  may  be  altered.  Not  only  the  water  in  the  well 
but  the  surface  of  the  underground  water  sheet  for  some  distance 
around  the  well  may  be  lowered,  the  distance  increasing  with  the 
amount  of  pumping,  so  that  while  there  may  be  no  source  of  con- 
tamination within  the  zone  affected  by  ordinary  pumping,  unusually 
heavy  pumping  may  draw  contamination  from  a  distance. 

While  conditions  are  undoubtedly  bad,  it  is  believed,  as  Kellerman 
and  Whittaker  state,  that  "  the  protection  of  farm  supplies  by  com- 
mon-sense methods  obvious  to  anyone  who  will  try  to  discover  the 
dangers  incident  to  his  own  water  supply  would  render  safe  the 
majority  of  the  farm  supplies  which  are  now  polluted,"  and  if,  as 
Bartow  points  out,  "  care  be  taken  to  use  the  deep  drilled,  driven, 
or  bored  wells  when  such  can  be  used,  and  to  take  the  special  precau- 
tions suggested  where  dug  wells  are  a  necessity,"  the  health  of 
farmers  and  of  people  in  general  will  be  improved. 

STOBAOE  OF  POTATOES.' 

Where  potatoes  are  grown  extensively  and  temperature,  rainfall, 
and  other  conditions  are  especially  favorable  for  local  storage,  there 
is  usually  decided  economic  advantage  in  storing  a  large  part  of 
the  crop  awaiting  favorable -market  conditions.  As  R.  M.  Dolve,  of 
the  North  Dakota  Experiment  Station,  points  out,  the  potato  market 
is  easily  glutted,  and  when  large  quantities  of  potatoes  are  tlirown 
on  the  market  at  one  time  "  the  price  often  falls  below  the  cost  of 
production  for  a  time,  even  though  the  total  crop  may  be  insuflScient 
to  supply  the  demand  for  the  year.  For  this  reason  potato  growers 
find  that  warehouses,  which  will  enable  them  to  take  advantage  of 
the  market,  become  an  indispensable  part  of  their  equipment."  On 
the  other  hand,  as  C.  L.  Fitch  and  E.  R.  Bennett,  of  the  Colorado 
Experiment  Station,  state,  "  in  those  districts  where  the  winter  cli- 
mate is  particularly  severe,  and  where  it  is  difficult  because  of  cold 
weather  or  bad  roads  to  take  the  potatoes  from  storehouse  to  market, 
there  is  more  of  a  tendency  to  sell  potatoes  direct  from  the  field 
regardless  of  price  at  digging  time,  and  in  districts  where  the  rainfall 
is  excessive  there  is  also  the  objection  that  storage  houses  are  not  so 
easily  kept  dry  as  in  the  arid  regions  of  the  West."  Methods  of 
storage  have  probably  been  most  highly  developed  in  the  potato- 
growing  regions  of  the  West.  The  potato  growers  of  those  regions 
"  have  taken  advantage  of  the  favorable  conditions  for  storing,  and 
a  characteristic  and  unique  system  of  storing  has  been  developed. 
*  *  *  The  history  of  this  system  shows  that  it  is  not  an  inven- 
tion, but  a  gradual  growth  from  the  idea  of  storing  in  pits  to  the 
perfected,  ventilated  potato  cellars." 

1  Compiled  from  Colorado  Sta.  Bui.  175 ;  North  Dakota  Sta.  Bui.  101. 
96045^— Bull.  549—13 2 
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The  proper  ccmstruction  of  a  potato  warehouse  or  cellar  involves 
a  careful  consideration  of  temperature,  ventilation,  light,  drainage, 
convenience,  durability,  and  cost.  The  ideal  temperature  to  be 
maintained  is  just  above  freezing,  or  about  34°  F.  WitJi  good  man- 
agement the  temperature  can  be  held  within  2°  above  or  be- 
low 34°  throughout  the  greater  part  of  the  winter,  can  be  brougU; 
down  to  this  point  quickly  in  the  fall,  and  can  be  kept  from  rising 
very  much  above  it  in  the  spring  for  a  long  time.  Well-insulated 
construction,  a  properly  drained  location,  and  good  ventilation  are 
essential  in  maintaining  the  proper  temperature. 
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Fio.  3. — Floor  plans  of  basement  type  of  potato  warehouse  having  a  capacity  of  10,000 

bushels. 

Ventilation  *  *  ♦  is  important,  but  is  usnally  secondary  to  correct  tem- 
p^-ature  and  is  ordinarily  sufficiently  accomplished  in  connection  with  air 
movement  secured  in  proper  temperature  control.  *  *  *  In  tlie  fall  the 
ground  is  warmer  than  the  night  air.  *  *  *  In  the  spring  the  ground  is 
colder  than  the  air  except  in  the  cool  of  the  night  and  early  morning.  *  ♦  ♦ 
On  many  fall  and  winter  days  doors  need  to  be  left  open  or  ajar  until  bed- 
time, and  in  the  spring  doors  must  be  kept  tightly  shut  all  day  and  can  not 
be  opened  until  bedtime,  and  should  be  closed  soon  after  sunrise.    ♦     ♦    ♦ 

Light  is  important,  and  ventilators  should  serve  also  the  puri>08e  of  windows. 
Darkness  Is  demanded  for  table  stock  because  gi'eenlng  by  light  develops  the 
acrid  taste  characteristic  of  exi)osed  potato  tissue.  On  the  other  hand,  Ught 
combats  disease  in  seed  potatoes,  toughens  the  skins,  and  is  a  check  to  excessive 
sprouting.    Cellars  should  have  light  in  the  spring  without  warmth. 
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Light  and  ventilation  tend  to  remove  excess  moisture  from  the 
walls  and  to  keep  the  air  fresh  and  dry. 

A  knoll  is  the  best  place  to  locate  a  potato  cellar,  as  it  can  be  placed 
well  into  the  earth  and  still  have  good  drainage.  Locations  Avhere 
water  may  collect  and  run  into  the  cellar  should  be  avoided. 


Pio.  4. — End  and  front  elevations  of  the  basement  type  of  potato  warehouse. 

Potato  storage  structures  may  range  from  a  mere  pit  in  the  ground 
to  a  durable  storage  house  of  wood,  stone,  or  concrete,  equipped  with 
elevators,  carriers,  sorters,  and  other  machinery.  The  choice  should 
be  governed  by  the  size  of  the  industry,  the  available  location,  and 
the  quantity,  quality,  and  price  of  available  building  material.    The 


# 
CROSS  secr/OA/ 

Fio.  5. — Cross  section  of  the  basement  type  of  potato  warehouse. 

storage  space  required  may  be  estimated  from  the  fact  that  "  each 
square  foot  of  floor  space  within  a  cellar  will  carry  200  pounds  of 
potatoes  piled  5  feet  deep,  or  240  pounds  per  square  foot  6  feet  deep. 
Thus  a  cellar  50  by  100  feet  will  hold  1,000,000  or  1,200,000  pounds 
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Fio.  6. — Floor  plans  of  potato  warehouse  providing  storage 
In  both  basement  and  superstructure  with  a  capacity  of 
about  50,000  bushels. 
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of  potatoes,  with 
the  driveway  tilled. 
It  is  wise  to  have  a 
cellar  large  enough 
to  care  for  the 
crop  if  piled  4  feet 
deep." 

Dolve  outlines 
the  construction  of 
an  inexpensive  po- 
tato cellar,  suitable 
for  an  average- 
sized  crop  as  fol- 
lows: In  a  well* 
drained  location  a 
trench  may  be  ex- 
cavated 4  or  5  feet 
deep,  8  or  10  feet 
wide,  and  as  long 
as  necessary.  Light 
logs  or  poles  can  be 
used  for  rafters  in 
lieu  of  regular 
building  timber,  but 
the  ends  of  the 
rafters  should  butt 
against  a  board  or 
plank  placed  in  a 
trench  along  either 
side  of  the  cellar 
to  hold  them  in 
place.  The  roof 
need  be  given  a 
pitch  merely  suffi- 
cient to  shed  water 
and  to  insure  suffi- 
cient s£rength,  and 
the  boards  cover- 
ing the  roof  may 
be  spaced  an  inch 
or  more  apart  to 
save  lumber,  and 
any  cheap  boards 
or  slabs  not  suit- 
able   for    building 
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purposes  may  be  used.  This  roof  should  be  covered  with  earth 
to  a  depth  of  18  inches,  placing  firm  sod  on  top.  Small  gutters  or 
ditches  should  be  dug  along  either  side  to  carry  away  the  water 
shed  by  the  roof,  and  trap  doors  large  enough  to  permit  the  passing 
of  a  sack  should  be  conveniently  arranged  in  the  roof  for  filling 


Fig.  7. — End  and  side  elevations  of  the  50,000-bu8heI  potato  warehouse. 

and  emptying  the  cellar.  These  openings  must  be  filled  with  straw 
or  burlap,  with  a  board  covering  on  top  during  winter.  A  round 
sheet- iron  ventilator  8  to  12  inches  in  diameter  and  provided  with 
a  cover  for  closing,  when  necessary,  should  be  placed  in  a  ridge  in 
the  roof  to  insure  adequate  ventilation. 


C/?Oa^    SECTfOA/ 

Fin.  8. — Cross  section  of  the  50,000-buRhpl  potato  warehouse. 

Where  the  potato-growing  industry  is  conducted  on  an  extensive 
scale  a  larger  and  more  durable  structure  is  necessary.  Such  a  struc- 
ture may  be  adapted  for  the  use  of  an  individual  industry  or  for 
neighborhood  storage  purposes.  Figures  3,  4,  and  5  are  plan,  eleva- 
tion, and  cross-section  drawings  submitted  by  Dolve  of  a  warehouse 
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of  the  basement  type,  having  a  capacity  of  10,000  bushels  when  filled 
10  feet  deep.  This  structure  is  of  wood  and  concrete,  and  is  equipped 
with  a  loading  chute  and  an  engine-driven  sack  elevatw. 


i 


f 

I 


Fig.  9. — Details  of  construction  of  the  50,000-bu8hel  potato  warehouse. 

Figures  6,  7,  8,  and  9  are  plan,  elevation,  cross-section,  and  detail 
drawings  of  a  warehouse  providing  storage  in  both  basement  and 
superstructure,  and  having  a  capacity  of  about  50,000  bushels.    The 
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Structuie  is  of  wood  and  concrete,  and  is  equipped  with  elevating  and 
conveying  machinery.  It  is  particularly  adapted  for  storage  and 
handling  of  potatoes  on  a  very  large  scale. 

Dolve  estimates  that  the  cost  of  a  large  first-class  potato  warehouse 
will  amount  to  about  10  cents  per  bushel  of  its  storage  capacity. 
Fitch  and  Bennett  estimate  that  the  cost  of  construction  of  the  best 
grade  cellars  is  about  20  cents  per  hundredwei^t  of  potatoes  stored. 

With  a  permanent  roof  over  the  dirt  roof,  the  cost  will  be  at  least  5  cents 
snore,  and  if  a  grower  wishes  to  provide  for  seed-potato  storage  and  have  a 
handsome  cellar  for  sales  purposes  he  may  spend  as  much  as  30  cents  per  hun- 
dredweight of  potatoes  to  be  stored.  On  the  other  hand,  with  cheap  construc- 
tion, without  much  regard  to  permanence,  and  with  the  use  of  farm  lal)or,  as 
little  as  7  cents  per  hundredweight  on  a  large  cellar  may  provide  good  safe 
storage.  Interest  and  linking  fund  on  this  basis  make  the  cost  of  cellar  as  a 
minimum  1  cent  per  hundred  of  capacity  per  year.  *  *  •  It  pays  best  even 
with  present  prices  of  material  to  build  strongly  but  cheaply,  expecting  to  build 
over  again  when  required. 

THE  MEADOW  LAEE  FBOH  THE  FABHEB'S  STANDPOINT.' 

Ajs  stated  in  a  recent  farmers'  bulletin  of  this  department  *  there 
are  two  species  of  meadow  larks  in  the  United  States — one  {StumeUa 
magna)  common  in  the  eastern  United  States  and  the  other  (S.  ne- 
glecta)  occurring  in  the  western  United  States.  They  resemble  each 
other  closely  in  plumage  and  habits,  though  differing  much  in  song, 
the  song  of  the  western  bird  being  loud,  clear,  and  melodious,  while 
that  of  the  eastern  species  is  feebler  and  loses  much  by  comparison. 


In  many  localities  the  meadow  lark  is  classed  and  shot  as  a  game  bird.  From 
the  farmer's  standpoint  this  is  a  mistake,  since  its  value  as  an  insect  eater  is 
far  greater  than  as  an  object  of  pursuit  by  the  sportsman.  Both  the  boll 
weevil,  the  foe  of  the  cotton  grower,  and  tne  alfalfa  weevil  are  among  the 
beetles  it  habitually  eats.  Twenty-five  per  cent  of  the  diet  of  tills  bird  Is 
beetles,  half  of  which  are  predaceous  ground  beetles,  accounted  useful  insects, 
and  one-fifth  are  destructive  weevils.  Caterpillars  form  11  per  cent  of  the 
food  and  are  eaten  in  every  month  in  the  year.  Among  these  are  many  cut- 
worms and  the  well-lmown  army  worm.  Grasshoppers  are  favorite  food  and 
are  eaten  tn  every  month  and  almost  every  day.  The  vegetable  food  (24  per 
cent  of  the  whole)  consists  of  grain  and  weed  seeds. 

Becent  studies  of  the  western  meadow  lark,  reported  by  H.  C. 
Bryant,  of  the  California  station,  show  that  while  this  bird  may  do 
considerable  damage  in  destroying  sprouting  grain,  it  also  consumes 
large  quantities  of  destructive  insects,  and  when  the  benefits  are  bal- 
anced against  the  injuries  "  there  remains  no  doubt  that  the  bird 

1  Compiled  from  California  Sta.  Bui.  236;  U.  S.  Dept.  Agr.  Yearbook  1895,  p.  419. 
«  U.  S.  Dept,  Agr.,  Farmers*  Bui,  513,  p.  19. 
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deserves  protection  and  encouragement.  Its  value  as  a  destroyer  of 
injurious  insects  far  exceeds  its  detriment  as  a  destroyer  of  sprouting 
grain.  The  value  of  a  western  meadow  lark  living  to  one  dead  is  as 
6  pounds  of  insects  (mostly  injurious)  and  ^  pound  of  weed  seeds  is 
to  IJ  pounds  of  grain,  a  considerable  part  of  which  is  made  up  of 
wild  oats  and  waste  grain."  Another  important  point  in  favor  of 
the  birds  is  that  they  "  turn  their  attention  to  the  insect  most  atmn- 
dant,  thereby  increasing  their  efficiency  at  the  time  of  an  insect  out- 
break. They  bear  an  important  relation  to  grasshopper  outbreaks, 
and  to  other  insect  outbreaks  as  well." 

A  strong  point  favoring  the  protection  of  the  western  meadow  lark  is  to  be 
found  in  the  fact  tliat  the  only  real  damage  caused  (that  to  sprouting  grain 
fields)  can  be  largely  prevented  by  planting  grain  deeply  and  driUing  instead, 
of  broadcasting,  two  measures  highly  advocated  by  aU  agricultural  experiment 
stations  as  favoring  larger  crops. 

EGG-IAYINa  CONTESTS  AND  BSEEDINa  FOB  £00  FBODTTCTIOK.^ 

"^  The  results  of  some  of  the  egg-laying  contests  which  have  recently 
been  carried  on  emphasize  many  important  principles  in  egg  produc- 
tion, and  since  there  is  at  the  present  time  an  endeavor  among 
poultrymen  to  produce  a  maximum  amount  of  eggs  for  table  pur- 
poses, with  less  attention,  possibly,  to  the  production  of  market 
poultry  in  the  form  of  broilers  and  roasters,  it  would  seem  that  the 
more  important  facts  brought  out  in  the  contests  contain  valuable 
lessons  for  many. 

T.  E.  Quisenberry,  who  conducted  a  contest  in  Missouri,  states 
from  the  results  obtained  that  apparently  there  is  no  variety  or 
breed  which  far  excels  other  varieties  or  breeds  in  general  use  as  far 
as  egg  production  is  concerned. 

*  More  depends  upon  the  strain  or  breeding  as  to  the  number  of  eggs  a  variety 
wUl  produce  than  upon  the  variety  itself.  Some  hens  have  a  bom  tendency  to 
lay  and  others  to  put  on  fat  The  latter  kind  should  be  culled  out  in  establish- 
ing a  laying  strain. 

More  depends  upon  the  breeding  of  the  male  as  to  the  number  of  eggs  the 
offspring  will  produce  than  upon  the  female,  yet  it  will  pay  to  breed  from  the 
best  layers  in  preference  to  the  j>oorest.  Breeders  should  select  the  variety 
which  suits  them  best  as  to  color,  size,  and  shape,  and  breed  up  until  the  fowls 
satisfy  them  as  to  quality  and  productiveness.  They  malce  a  mistake  by  jump- 
ing from  one  breed  to  another,  trying  to  discover  a  better  layer.  It  will  pay 
the  average  poultrj-man  to  trap  nest  his  flock  in  fall  and  winter,  and  breed 
from  the  pullets  which  lay  earliest  in  life  and  from  the  pullets  and  hens  which 
lay  in  the  winter.     ♦    •     ♦ 

1  Compllpd  from  Maine  Sta.  Bui.  192 ;  New  Jersey  Stas.  Bui.  244 ;  New  England 
Homestead,  65  (1012),  No.  21,  pp.  481,  485;  Dept.  Agr.  N.  S.  Wales,  Farmers'  Bui.  57. 
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The  best  producers  have  broad  bodies.  The  back  is  broad  and  the  ribs  are 
widespread,  giving  plenty  of  room  for  the  egg  organs  and  digestive  organs. 
Their  bodies  are  solid.  The  birds  are  not  loose  jointed,  but  compactly  built. 
Good  layers  are  big  eaters.  A  bird  must  have  capacity  to  eat  and  digest  a  great 
amount  of  food  if  she  is  to  lay  a  gi'eat  number  of  eggs. 

A  big  decrease  in  the  egg  yield  in  winter  can  be  brought  on  more  quickly  by 
great  variations  in  temperature,  sudden  changes  in  weather  conditions,  than 
by  continued  or  prolonged  spells  of  either  cold  or  rainy  weather.  It  will  pay 
to  keep  a  good  hen  until  she  is  4  years  old.  We  had  several  4-year  hens  that 
laid  over  150  eggs  each.  Most  of  the  high  producers  have  good-sized  combs 
for  birds  of  their  variety. 

In  a  contest  conducted  at  the  Connecticut  Storrs  station  the  high- 
est individual  average  per  hen  was  214  eggs;  in  Missouri  contest, 
208  eggs.    The  average  of  all  hens  in  the  Missouri  contest  was  134. 

A  10-year  egg-laying  contest  with  360  hens  of  60  different  breeds 
closed  in  New  South  Wales  in  1912.  During  that  time  there  was  a 
noticeable  improvement  of  the  type  of  bird,  and  the  average  number 
of  eggs  was  raised  from  131  to  184  per  hen  per  year.  The  highest 
pen  average  exceeded  that  of  either  Connecticut  or  Missouri. 

The  results  indicate  the  possibility  of  raising  the  average  produc- 
tion, not  only  of  breeders  but  of  farm  flocks,  with  little  or  no  addi- 
tional cost.  To  this  end  the  poultryman  should  constantly  try  to 
build  up  his  flock.  This  can  best  be  done  by  selecting  only  the  best 
females  from  the  entire  flock,  by  mating  them  to  good  vigorous  males 
from  high-laying  mothers,  and  by  using  this  special  mating  as  a 
breeding  pen  from  which  all  eggs  for  hatching  should  be  saved.  In 
this  way  a  continual  improvement  will  be  had  which  can  not  be  as- 
sured when  the  entire  flock  is  used  to  propagate  the  future  layers. 
In  other  words,  as  the  New  Jersey  station  points  out — 

the  time  has  come  for  the  poultryman  to  pay  more  attention  to  individual  birds, 
and  less  to  the  flock  as  a  whole,  especially  when  breeding  for  future  producers. 
The  practice  of  making  special  breeding  pens  in  this  way  is  bound  to  result  in 
time  in  larger,  more  vigorous  birds,  better  layers,  and  hence  more  profit. 

Great  care  should  be  exercised  not  to  Include  In  these  special  matlngs  for 
breeding  purposes  any  birds  which  have  had  any  poultry  disease.  Some  dis- 
eases, such  as  bacillary  white  diarrhea,  •  ♦  •  are  known  to  be  directly 
inherited,  others  are  known  to  give  to  the  offspring  an  inherited  weakness  which 
makes  them  especially  susceptible  to  that  particular  disease.  This  is  true  of 
tuberculosis,  diarrhea,  enteritis,  etc.  Still  others,  such  as  roup,  catarrh,  and 
other  general  disorders,  weaken  the  birds  constitutionally  and  make  them  unfit 
for  breeding.  Any  bird  once  affected  with  disease  should  be  conspicuously 
marked,  so  that  it  may  never  find  its  way  Into  the  breeding  pens. 

In  selecting  the  females  for  the  breeding  pen  in  the  spring,  the  following 
factors  have  been  found  by  observation  and  experimentation,  to  be  essential  to 
heavy  egg  production,  namely: 

(1)  Breeding  from  heavy  producers. 
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18  EXPERIMENT  STATION   WORK,   LXXVI. 

(2)  The  use  of  mature  birds,  preferably  h^is,  not  pullets. 

(3)  Line  breeding  ratlier  than  too  close  inbreeding  or  outcrossing. 

(4)  Breeding  from  birds  which  were  early  producers  as  pullets. 

(5)  Selecting  birds  which  show  a  good  vigorous  constitution. 

(G)  Selecting  for  egg  type  (long,  rather  deep  bodies  with  abundant  room  for 
the  organs  of  digestion  and  reproduction). 

(7)  Selecting  large  specimens  of  the  breed. 

(8)  Selecting  late  molters  since  they  are  usually  the  best  winter  layers. 

(9)  Breeding  from  birds  which  have  shown  by  records  to  be  i)ersistent  layera 

(10)  Selecting  birds  that  eat  well,  rise  early,  and  retire  late,  for  such  birds 
are  usually  heavy  layers. 

The  work  of  the  Maine  station  indicates  that  in  this  breeding 
matings  should  be  made  only  with  the  male  progeny  of  high-laying 
mothers,  because  the  high  egg-producing  power  is  transmitted 
through  the  male. 

Without  strong,  well-bred  birds  a  good  egg  yield  is  not  certain^  even  with 
the  most  efficient  management.  H^ice  much  time  and  thought  and,  if  need  be, 
money  should  be  expended  in  the  improvement  of  the  flock  by  mating  and 
breeding. 

The  birds  set  aside  for  breeding  should  be  so  cared  for  as  to  provide  for  the 
production  of  fertile  eggs  in  the  breeding  season,  which  will  hatch  into  vigorous 
chicks.  They  should  not  be  crowded  into  small.  Insanitary  houses,  nor  should 
they  be  forced  for  a  heavy  egg  yield  during  the  winter.  The  three  factors 
which  especially  favor  the  production  of  fertile  eggs  are  exercise,  which  can 
be  made  compulsory  by  supplying  most  of  the  feed  in  deep  litter  on  the  floor 
of  the  pen ;  green  food,  which  for  want  of  beets  or  cabbage  can  be  supplied  In 
the  form  of  sprouted  oats;  and  meat  scrap,  supplied  liberally  (15  per  cent) 
during  the  breeding  season,  but  not  excessively  prior  to  the  breeding  season. 

The  saving  of  eggs  for  hatching  purposes  should  begin  about  the  1st  of 
February.  They  should  l>e  collected  at  least  twice  a  day,  and  should  be  kept 
at  a  temperature  of  about  45°  to  50**.  They  should  not  be  subjected  to  great 
variations  in  temperature,  and  should  be  placed  so  that  they  may  be  turned 
dally  and  protected  from  the  direct  rays  of  the  sun.  The  factor  of  temperature 
is  especially  important,  for  the  germ  (embryo)  begins  to  develop  at  70^  F. 
High  temperatures  start  the  development  of  the  germ,  but  If  heat  Is  not  sup- 
plied uniformly  It  ultimately  dies.  As  a  result  of  this,  many  egg^s  are  later 
tested  out  as  infertile.  Eggs  for  hatching  should  be  selected  with  a  view  toward 
uniformity  in  shape,  size,  and  color,  the  idea  being  to  select  toward  the  Ideal 
type  of  egg  for  the  breed  kept. 

SPEOUTINa  OATS  FOE  POULTEY.^ 

The  feeding  of  green  food  to  poultry  in  winter  has  been  much  prac- 
ticed by  experienced  poultrymen.  The  chief  function  of  such  food 
is  probably  largely  in  the  nature  of  a  digestive  stimulant  rather  than 
as  an  addition  to  the  actual  food  constituents  of  the  ration.  In  re- 
cent years  sprouted  oats  have  been  very  widely  used  as  a  green  food 
for  poultry.    Experience  at  the  Maine  station  indicates  that  in  order 

'  Compiled  from  Maine  Sta.  Bui.  170. 
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to  make  a  satisfactory  product  the  oats  must  be  grown  very  quickly 
and  this  requires  plenty  of  warmth,  moisture,  and  sunlight.  Where 
the  right  combination  of  these  factors  can  be  gotten,  oats  may  be 
satisfactorily  sprouted  for  poultry  feeding  purposes. 

At  the  Maine  station  use  was  made  of  a  small  room  in  connection 
•with  the  station  poultry  plant.  This  room  is  provided  with  a  3-inch 
Tpipe  connected  with  the  water-heating  system. 

To  provide  a  place  in  wblch  to  sprout  oats,  the  back  part  of  this  room  was 
partitioned  off  as  a  closet.  Inclosing  tbe  3-inch  hot-water  pipe.  The  partition 
wall  which  forms  the  front  of  this  closet  consists  of  glass  doors,  made  from 
regular  storm-window  sash,  hinged  so  as  to  swing  open  as  an  ordinary  door  does. 
These  glass  doors  face  toward  the  south  side  of  the  building,  which  lias  a 
window  directly  in  front  of  the  doors.  Throughout  the  day  the  closet  gets 
plenty  of  light  The  dimensions  of  this  sprouting  closet  are  as  follows: 
Length,  9  feet  3  inches;  depth,  2  feet  6  inches;  height,  6  feet. 

The  place  of  shelves  in  this  closet  is  taken  by  large,  square  greenhouse  flats 
siade  of  i-inch  stufT.  These  flats  have  the  following  dimensions :  Length,  2  feet 
5  inches  (inside) ;  breadth,  2  feet  5  inches  (inside) ;  depth,  2  inches  (inside). 

The  length  of  the  closet  is  such  as  just  to  accommodate  three  tiers  of  these 
flats,  which  slide  on  supports  so  that  they  can  l>e  moved  in  or  out  or  turned 
around  to  suit  the  cony^iience  of  the  operator  and  the  needs  of  the  sprouting 
grain.  These  flats  set  15  inches  apart  (that  is,  vertically).  There  can  be  ac- 
commodated four  rows  of  flats,  three  in  a  row,  in  the  closet  at  one  time.  A 
number  of  holes  are  bored  in  the  bottom  of  each  one  of  the  flats  in  order  to 
drain  off  the  surface  moisture  which  comes  with  the  wetting  of  the  oats.    *    *    * 

The  advantage  of  the  closet  arrangement  described  is  that  it  enables  one 
to  control  the  three  necessary  factors  of  heat,  moisture,  and  light  quite  com- 
pletely. In  this  closet  it  is  easily  possible  to  maintain  a  temperature  which 
does  not  run  at  any  time  below  70**.  The  closet  being  perfectly  tight,  it  is  pos- 
sible to  saturate  the  air  with  moisture  quite  easily  and  virtually  convert  the 
whole  space  into  a  great  moist  chamber.  With  this  arrangement  one  Is  able  to 
grow  oats  from  4  to  6  inches  hi^i  in  one  we^*8  time.  The  only  difliculty  with 
which  one  has  to  contend  is  the  matter  of  mold.  There  is  always  a  tendency  for 
the  oats  to  mold  in  the  sprouting  process.  The  only  way  in  which  it  has  been 
found  possible  to  control  this  mold  is  by  thoroughly  cleaning  the  flats  after  each 
time  when  they  are  used.  After  a  flat  has  been  emptied  it  is  thoroughly 
scrubbed  with  a  50  per  cent  solution  of  formalin  (that  is,  equal  parts  of  com- 
mercial formalin  and  water).  This  scrubbing  is  very  thoroughly  done  and 
suflicient  formalin  is  used  to  soak  the  flat  thoroughly.  With  this  precaution, 
and  if  the  oats  are  further  made  to  grow  rapidly,  the  mold  does  not  give  any 
trouble  whatever. 

The  actual  method  of  sprouting  the  oats  is  as  follows:  Clean  and  sound 
oats  are  soaked  in  water  overnight  in  a  paiL  The  next  morning  flats  are 
filled  to  the  d^th  of  about  2  Inches  and  put  into  the  sprouting  closet  At 
the  beginning  freshly  flUed  flats  are  placed  near  the  top  of  the  closet  so  as 
to  get  the  maximum  amount  of  lieat,  and  in  that  way  get  the  sprouts  started 
at  once.  During  the  first  few  days,  until  the  sprouts  have  become  from  a 
half  to  three-quarters  of  an  Inch  long,  the  oats  are  thoroughly  stirred  and 
raked  over  at  least  two  or  three  times  daring  the  day.  Tliis  stirring  insures 
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nu  even  distribution  of  moisture  tliroughout  the  mass  of  oats  in  the  flat  After 
the  sprouts  become  sufficiently  long  so  that  the  oats  form  a  matted  mass  it 
is  not  desirable  to  stir  them,  or  to  disturb  them  In  any  way.  Stirring  at  tliat 
time  will  break  off  and  Injure  the  sprouts  and  the  green  portion  above  the 
mass  will  not  grow  so  well.  The  matter  of  prime  importance  in  growing  the 
oats  successfully  has  been  found  to  be  sufficient  moisture.  The  tendency  at 
first  is  to  use  too  little  moisture.  The  oats  should  be  kept  quite  wet  The 
aim  here  is  to  keep  condensed  moisture  standing  on  the  glass  doors  whidi 
form  the  front  of  the  closet  at  all  times.  In  order  to  do  this  it  is  found 
necessary  to  wet  the  oats  three  times  a  dny.  This  is  done  with  an  ordinaiy 
greenhouse  sprinkling  can,  with  very  little  expenditure  of  time  or  labor.  As 
the  oats  grow  the  flats  are  moved  to  different  positions  in  the  closet  The 
taller  the  green  material  gets  the  nearer  the  flats  are  moved  toward  the  floor, 
because  the  growing  grain  then  needs  less  heat  This  procedure  leaves  the 
desirable  places  in  the  closet  for  the  grain  Just  beginning  to  sprout,  where  high 
temperature  is  needed. 

The  oats  are  fed  when  they  are  from  4  to  6  inches  in  height  They  are 
fed  at  the  rate  of  a  piece  of  the  matted  oats  and  attached  green  stalks  about 
6  to  8  inches  square  for  each  100  birds  per  day.  In  feeding,  this  6  to  8  inch 
square  piece  Is  broken  into  smaller  pieces  and  scattered  over  the  pen,  so  as  to 
Insure  that  all  the  birds  shall  have  an  opportunity  to  get  some.  Fed  at  the  rate 
Indicated,  this  material  has  never  caused  any  bowel  trouble  among  the  birds. 

It  should  be  clearly  understood  that  the  purpose  for  which  green  sprouted 
oats  are  fed  is  their  tonic  and  stimulative  influence  on  the  digestive  organs. 
They  are  not  fed  for  the  food  value  of  the  oats  themselves.  If  one  wishes 
merely  to  ffeed  oats  they  can  be  most  economically  fed  not  sprouted.  The 
point  of  sprouting  is  to  furnish  fresh,  succulent,  green  food  during  the  winter 
months. 

CASBOUC  ACID  FOB  CONTAaiOTTS  ABOBTIOIT  IN  CATTLE.^ 

W.  J.  Taylor,  of  the  Montana  Experiment  Station,  says  that 
**when  once  a  herd  becomes  infected,  there  is  perhaps  no  other 
disease  which  causes  greater  losses,  either  in  dairy  or  beef  stock, 
than  does  contagious  abortion.  It  is  indeed  a  very  difficult  prob- 
lem to  handle  and  it  becomes  especially  so  to  those  owners  whose 
stables  and  shelters .  for  cattle  are  not  of  the  most  modem  con- 
struction and  do  not  lend  themselves  to  thorough  methods  of  disin- 
fection." 

The  Montana  station  has  been  studying  methods  of  prevention 
for  several  years,  and  Dr.  Taylor  now  reports  that  carbolic  acid, 
either  fed  in  solution  or  injected  hypodermically,  seems  to  be  a 
specific  against  the  disease.  He  found  that  cows  as  a  rule  will  eat 
with  apparent  relish  as  much  as  750  cubic  centimeters  of  a  4  per  cent 
solution  of  carbolic  acid  in  feed  daily.  However,  hypodermic  in- 
jection as  a  treatment  in  an  affected  herd  involves  less  labor  than 
feeding.  The  method  used  with  range  cattle  was  to  run  them  into 
a  chute  and  inject  10  cubic  centimeters  of  4  per  cent  carbolic  acid 

^  Compiled  from  Montana  Sta.  Bui.  90. 
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under  the  skin  just  behind  the  shoulder  blade  every  two  weeks.  In 
cases  of  impending  abortion  carbolic  acid  can  be  injected  in  sufficient 
quantities  to  cause  staggering  gait  and  dilation  of  the  pupil  of  the 
eye  (when  it  should  be  withheld  for  from  10  to  15  hours  and  re- 
peated) with  no  apparent  unsatisfactory  after  effects.  All  males 
used  for  breeding  purposes  should  also  be  treated,  because  the 
disease  may  be  transmitted  through  the  medium  of  the  male  unless 
proper  precautions  are  observed. 

For  disinfecting  the  male  the  ordinary  2-qiiart  fountain  syringe  obtainable  at 
most  drug  stores  malses  an  ideal  apparatus.  The  longest  straight  rubber  nozzle 
should  be  used.  If  this  can  not  be  secured,  an  inexpensive  and  efficient  appa- 
ratus may  be  made  from  a  funnel,  a  piece  of  rubber  tubing,  and  a  metal  tube, 
as  shown  in  figure  10.  ♦  ♦  *  The  funnel  should  be  large  enough  to  hold 
jat  least  a  quart,  the  rubber  tubing  loup  enough  to  reach  from  the  ventral  side 
of  the  body  to  the  back  bone,  and  the  metal 
nozzle  about  4  Inches  long.  A  pinch  cock  is 
placed  on  the  tubing  near  the  nozzle. 

The  method  of  procedure  is  as  follows:  Se- 
cure the  animal  to  be  treated  in  such  a 
manner  that  he  can  not  step  from  side  to  side 
or  kick  the  manipulator.  The  funnel  may  be 
seen  red  in  a  bracket  or  held  by  an  assistant 
at  about  the  level  of  the  back  of  the  animal. 
Pour  at  least  a  quart  of  the  disinfecting  solu- 
tion into  the  fimnel.  The  pinch  cock  will 
prevent  it  from  running  out.  The  operator 
now  inserts  the  nozzle  into  the  sheath  and 
grasps  the  prepuce  firmly  between  the  thumb 
and  forefinger  of  the  left  hand  tightly  about 
the  nozzle.  Release  the  pinch  cock  and  allow 
the  fluid  to  run  into  the  sheath.  With  gentle 
pressure  from  the  outside,  rub  the  liquid  as 
far  back  into  the  sheath  as  possible.  Allow 
it  to  remain  several  minutes  and  then  relax  the  hand  and  let  the  fluid  escape. 
This  should  be  repeated  at  least  once  about  20  minutes  to  i  hour  before  service 
Is  desired. 

In  the  experiment  reported  either  a  1  per  cent  solution  of  carbolic 
acid  (1  part  of  acid  crystals  in  100  parts  of  water)  or  a  1  to  2,000 
solution  of  mercuric  bichlorid  containing  1  per  cent  of  copper  sulphate 
was  used  and  proved  efficient.  The  latter  solution  is  made  by  dissolv- 
ing 15  grains  of  mercuric  bichlorid  and  li  ounces  of  copper  sulphate 
in  2  quarts  of  water. 

Heifers  pregnant  for  the  first  time  are  more  liable  to  abort  than 
during  subsequent  periods  of  gestation  and  should  be  carefully 
watched  and  vigorously  treated  if  abortion  exists  in  the  herd. 
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GOOUNa  CEEAH  WITHOUT  ICE.^ 

In  order  to  produce  cream  of  high  quality  commanding  a  good 
price,  it  is  necessary  to  cool  it  quickly  after  separation  and  to  keep  it 

cool  until  delivered.    Warm  cream  should 
in  no  case  be  mixed  with  cool. 

J.  H.  Frandsen,  of  the  Nebraska  station, 
states  that  "a  very  simple  and  efficient 
way  of  cooling  the  cream  quickly  as  it 
comes  from  the  separator  is  by  means  of 
a  small  ^baby  cooler'  such  as  shown  in 
figure  11.    A  cooler  of  this  kind  costs 
about  $2.50  and  may  be  used  with  running 
water,  crushed  ice,  or  cold  well  water.**' 
Fio.  11.-A  small  cooler  for      ^  ^eiy  efficient  and  satisfactory  cooling 
cooling  cream   as  it  comes  tank  used  by  the  Nebraska  station,  and  in 
from  the  separator.  modified  form  by  many  practical  dairy- 

men, is  shown  in  figures  12  and  13.    This  tank  should  be  not  less  than 
18  inches  wide  and  26  inches  deep. 


•  SWCK  TA^fC 


}^^7Jj^jyjyjjj2/j^JAM/M 


Fig.  12. — Tank  for  keeping  cream  cool  while  held  at  the  farm. 

The  one  shown  in  figures  12  and  13  measures  18  Inches  by  26  inches  by  4  feet 
9  inches.  It  is  made  of  li-inch  material  and  is  fitted  inside  with  a  slatted 
bottom  made  of  1-inch  strips.  This  slatted  bottom  is  to 
allow  the  cold  water  to  pass  under  as  well  as  around  the 
sides  of  the  cans.  The  cold-water  supply  pipe  is  con- 
nected directly  with  the  pump  and  discharges  within 
about  5  inches  of  the  bottom  of  the  tank.  At  the  oppo- 
site end  is  an  overflow  pipe  to  carry  off  the  surplus 
water.  This  overflow  is  piped  to  the  stock  tank,  so  there 
Is  no  unnecessary  waste  of  water.  The  cool  water  di- 
rectly from  the  well  enters  by  the  inlet  pipe,  and  being 
discharged  near  the  bottom  it  is  distributed  tlirough  the 
tank  and  displaces  the  warmer  water  which  rises  and 
is  carried  off  by  the  overflow  pii)e.  In  this  way  the 
water  Is  changed  frequently  and  the  cream  kept  quite 
cool.  A  tank  as  described  may  be  built  on  the  farm  at 
a  small  cost.  Where  such  a  cooling  system  is  used  and 
other  necessary  precautions  obser\'ed,  it  is  possible  to 
keep  cream  in  good  condition  for  several  days,  even  in  very  warm  weather. 


Fio.  13. — End  Tiew 
of  the  cream  cool- 
ing tank. 
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The  cream  should  be  placed  in  the  tank  as  soon  as  separated  and 
then  well  stirred  to  bring  it  to  the  temperature  of  the  water  as 
quickly  as  possible. 

It  is  weU  to  remember  that  it  is  the  cooUng  of  the  cream  and  not  the  mere 
fact  of  getting  it  into  water  that  is  so  important  If  the  cream  is  stirred  faith- 
fully it  will  in  a  few  minutes  be  reduced  to  the  same  temperature  as  the  water 
in  the  tank,  while  if  put  into  the  tank  without  stirring  it  may  remain  warm 
f?>r  several  hours.  It  is  needless  to  say  that  Just  so  long  as  the  cream  remains 
warm  the  bacteria,  which  even  under  the  most  sanitary  conditions  have  gained 


TO  •arocH  r^A/tr 
Fio.  14. — Convenient  arrangement  of  separator,  cooler,  and  cooling  tank  In  a  dairy  house. 


access  to  the  cream,  will  not  be  hindered  in  their  growth.  The  vast  majority 
of  milk  bacteria,  however,  grow  very  slowly  at  the  temperature  of  ordinary 
cold  water ;  hence  the  importance  of  cooling  the  cream  very  quickly. 

A  convenient  arrangement  of  separator,  cooler,  and  cooling  tank 
is  shown  in  figure  14: 

In  those  parts  of  the  State  where  it  is  exceedingly  difficult  to  secure  a  good 
supply  of  cold  water,  or  In  the  newly  settled  sections  where  as  yet  not  enough 
dairying  is  done  to  warrant  the  building  of  a  milk  house  and  cooling  tanks,  pits 
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or  shallow  wells  could  be  used  for  storing  milk  and  cretim,  ns  shown  in  figure  15. 

Experiments  Indicate  that  these  pits  may  have  a  temperature  of  leas  than  70* 

when  the  actual  temperature  in  the  shade  was 
104°  F.  When  these  special  pits  are  used  for 
no  other  purpose  the  milk  and  cream  Is  usually 
of  a  much  better  quality  than  would  be  the  caae 
If  it  had  been  stored  in  the  ordinary  cave  or  root 
cellar  containing  vegetables  of  all  sorts.  It  is 
a  well-known  fact  that  milk  and  cream  readily 
absorb  odors  from  anything  that  may  stand 
near  them. 

A  well  or  pit  suitable  for  the  cooling  of  the 
cream  should  be  about  10  or  15  feet  deep  and 
can  be  cemented,  bricked,  or  boarded  up,  as 
seems  best  under  local  conditions.  It  is  not 
exi)eusive  and  no  particular  skill  is  required 
to  construct  a  pit  of  this  kind.  Figure  15 
Illustrates  one  of  these  pits  and  shows  a  simple 
hoisting  apparatus  with  counterweight.  The 
two  guide  wires  running  from  the  upper  frame- 
work to  the  two  stakes  in  the  bottom  of  the 
well  keep  the  elevator  In  place.  The  size  of 
the  elevator  and  of  the  counterweight  depends, 
of  course,  upon  the  load  to  be  carried  and  can 
be  vaiied  to  meet  the  needs  of  practically  all 
conditions. 

Where  ice  is  available,  of  course  the 
problem  of  cooling  is  greatly  simplified. 

The  cream  ^ould  be  delivered  not  less  than 
three  times  a  week  during  the  summer.  If 
the  cream  is  hauled  to  the  station  early  in  the 
morning  and  the  cans  protected  by  covering 
with  a  wet  sack  while  on  the  road  to  the  cream- 
ery or  station,  the  farmer  will  be  enabled  to 
Fig.  15. — A  pit  or  milk  well  deliver  the  cream  at  a  much  lower  tempera- 
for  keeping  cream  cool.  ^^j^  ^^^^^  ^^^j^j  otherwise  be   possible.     Dur- 

ing the  wintertime  the  cream  need  not  be  delivered  oftener  than  two  or  three 
times  a  week. 
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DSTTEODUCTIOH, 

Probably  the  most  important  characteristic  of  crimson  clover  is 
its  ability  to  grow  and  make  its  crop  during  the  season  when  the 
land  is  not  occupied  by  the  ordinary  summer-grown  crops.  In 
sections  where  it  succeeds,  crimson  clover  can  be  sown  following  a 
grain  crop  or  in  an  intertilled  crop  in  late  summer  and  will  mature  a 
hay  crop  the  following  spring  in  time  to  plow  the  land  for  spring- 
seeded  crops,  such  as  corn  or  cotton.  It  may  even  be  held  for  seed 
as  far  north  as  central  Delaware  and  the  stubble  be  plowed  under  in 
time  for  seeding  the  quick-maturing  strains  of  com.  It  may  be 
turned  under  for  soil  improvement  when  only  6  inches  high  if  it  is 
desired  to  fit  the  land  for  early  spring-seeded  crops.  Even  if  only 
the  stubble  be  turned  under,  the  eflfect  upon  the  succeeding  crop  will 
be  marked,  especially  if  the  soil  be  deficient  in  nitrogenous  fertilizers. 
The  plowing  under  of  the  entire  plant,  however,  will  more  rapidly 
correct  any  deficiency  of  nitrates  or  humus  in  the  soil.  It  is  one  of 
the  best  cover  crops  for  use  in  orchards  and,  in  fact,  under  any  con- 
ditions where  the  soil  is  likely  to  wash  during  the  winter  months.  The 
many  uses  to  which  this  crop  may  be  put  merit  a  careful  study  of  the 
best  methods  of  establishing  a  stand  of  crimson  clover  upon  a  farm. 

HISTOBT  AND   PBESEITT  DISTBIBUTION  OF  CBIMSON  CLOVEB. 

Crimson  clover  (fig.  1)  is  frequently  called  "Scarlet  clover"  and, 
somewhat  less  commonly,  "German  clover,"  "Italian  clover," 
"French  clover,"  "Incarnate  clover,"  "Annual  clover,"  etc.  It 
occurs  wild  in  England  and  in  eastern  and  southern  Europe  and  is 
grown  as  a  lorage  and  soil-improving  crop  hi  Italy,  France,  Germany, 
Austria,  and  Great  Britain.  It  was  introduced  into  this  country  as 
early  as  1822,  but  was  grown  only  to  a  very  limited  extent  until  about 
1880.  It  has  proved  especially  adapted  to  the  lighter,  sandy  soils 
of  the  eastern  part  of  the  United  States  where  the  winters  are  not 
too  severe. 

In  the  Middle  Atlantic  States  it  is  also  grown  to  a  considerable 
extent  on  the  clay  soils  of  the  Piedmont  section. 

In  Mchigan  it  is  sometimes  used  on  the  sandy  soils  as  a  cover  crop 
in  peach  orchards,  although  it  frequently  winterkills.  It  can  not 
ordinarily  survive  the  severe  winters  of  the  Northern  States.^ 

I  In  such  northern  sections  where  a  faU-seeded  legume  is  desired  it  is  suggested  that  hairy  vetch  seeded 
with  rye  be  used  Instead.    See  Farmers'  Bulletin  615,  entitled  "Vetches. " 
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Crimson  clover  is  a  ^*  winter  annual/'  that  is,  it  ordinarily  makes 
its  eariy  growth  in  the  autumn,  passes  the  winter  in  a  somewhat  dor- 
mant but  green  state,  makes  a  very  early  spring  growth,  and  matures 


FiQ.  1.— A  single  plant  of  crimson  clover. 

its  seed  and  dies  before  summer.  It  makes  little  or  no  growth  in 
very  hot  weather  and  therefore  should  not  be  sown  in  the  spring, 
except  in  the  extreme  North,  where  it  may  make  a  satisfactory  growth 
by  autumn,  so  that  a  hay  crop  may  be  taken  from  it  at  that  time. 
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BEQUISEMEVTS  FOB  OBTAIinHa  AlTD  MADTTAnmra  A  STAJSTD 
OF  CBIMSON  CLOVEB. 

Unless  the  conditions  of  soil  and  moisture  are  exactly  right  it  is  not 
an  easy  matter  to  establish  a  satisfactory  stand  of  crimson  clover, 
even  in  the  sections  where  it  is  most  extensively  produced.  (Fig.  2.) 
The  lack  of  timely 
rains  in  late  summer 
is  responsible  for 
most  of  the  failures  to 
obtain  a  satisfactory 
stand.  The  young 
seedlings  are  very 
easily  killed  by  the 
hot  sun  or  lack  of 
moisture.  On  the 
other  hand,  if  the 
seeding  be  delayed 
too  long,  as,  for  in- 
stance, in  waiting  for 
the  proper  conditions 
of  soil  moisture,  the 
plants  will  be  unable 
to  make  sufficient 
growth  to  withstand 
the  winter.  Briefly 
speaking,  crimson  clo- 
ver should  be  seeded 
shallow  on  a  moist, 
reasonably  fertile, 
well-drained,  well- 
se ttled  seed  bed .  In- 
oculation  in  some 
form  should  be  pro- 
vided, especially 
when  seeding  it  for 
the  first  time  on  any 
fields  in  sections  com- 

\  .  ^  Fig.  2.~A  crimson-clover  ftiilure  on  ground  too  poor  in  humus. 

this  crop. 

Crimson  clover  is  not  adapted  to  the  white-clay  lands  in  their 
present  condition  in  some  portions  of  the  Atlantic  Coastal  Plain. 
Such  fields  should  be  seeded  to  soy  beans  or  cowpeas  when  a  legumi- 
nous crop  is  desired  for  soil  improvement  or  other  purposes.*     Crim- 

1  These  whiteK;lay  soils  are  nearly  always  sour,  deficient  in  humus,  and  poorly  drained.    If  limed,  sub- 
soiled,  drained,  and  supplied  with  humus,  such  soils  are  said  to  grow  crimson  clover  satisfactorily. 
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son  clover  does  not  c!'^  well  on  rough,  newly  cleared  land  and  it  ordi- 
narily requires  the  production  of  two  or  three  crops  or  a  special 
preparation  by  liming,  manuring,  and  inoculating  before  such  land 
presents  conditions  satisfactory  for  seeding.  It  is  usually  better  to 
sow  rye  for  a  winter  cover  and  cowpeas  for  a  summer  crop  if  a  cover 
crop  is  thought  to  be  needed.  In  any  section  where  crimson  clover 
has  not  been  previously  grown  the  first  seeding  should  be  on  a  smaU 
scale  to  determine  whether  or  not  it  is  a  practicable  crop  for  the  local- 
ity in  question. 

PBEPABATION  OF  THE  SEED  BED. 

The  seed  bed  for  crimson  clover  should  be  firm,  moist,  well  settled, 
and  fine  on  top.  Any  efforts  that  may  be  expended  to  conserve  the 
soil  moisture  previous  to  seeding  are  usually  justified,  especially  if 
there  be  any  lack  of  rainfall  during  the  month  previous  or  the  month 
following  seeding.  Where  the  clover  is  seeded  in  an  intertilled  crop, 
such  as  com,  cotton,  or  tomatoes,  the  customary  cultivation  received 
by  these  crops  is  ordinarily  sufficient  for  the  needs  of  crimson  clover. 
"Where  grain-stubble  land  is  plowed  in  preparation  for  the  .clover  a 
month  or  six  weeks  are  ordinarily  required  for  the  soil  to  settle  suffi- 
ciently to  make  a  proper  seed  bed,  since  after  plowing  at  least  one 
soaking  rain,  which  compacts  the  soil  and  fills  it  with  moisture,  is 
essential  to  the  proper  preparation  of  the  seed  bed  for  crimson  clover. 
If  the  ground  be  diske  J,  a  much  shorter  time  and  less  rain  are  required 
for  the  proper  settlinj^  of  the  seed  bed.  The  b^t  method  of  retain- 
ing the  moisture  in  the  seed  bed  is  to  harrow  or  give  shallow  cultivsr- 
tion  shortly  after  each  rain.  A  fine  soil  mulch  on  the  surface  will 
largely  prevent  the  soil  just  beneath  the  surface  from  losing  its  mois- 
ture through  evaporation.  Such  surface  tillage  should,  of  course, 
be  given  before  seeding  the  crimson  clover. 

FEBTUIZEBS  FOB  CBIMSON  CLOVEB. 

Under  the  ordinary  conditions  of  soil  fertility  the  fertilizer  applied 
to  the  preceding  crop  is  sufficient  for  the  needs  of  crimson  clover, 
^his  is  especially  true  where  the  clover  follows  such  crops  as  potatoes 
or  tomatoes,  which  are  ordinarily  heavily  treated  with  fertilizers  that 
are  not  entirely  used  up  by  these  crops.  It  is  important  to  realize, 
however,  that  crimson  clover  has  a  very  short  period  of  growth  and 
that  to  make  a  vigorous  growth  it  must  have  a  good  supply  of  plant 
food.  On  sandy  soils  where  there  has  been  no  recent  application  of 
fertilizers  it  is  often  the  practice  to  apply  from  200  to  400  pounds  of  a 
mixture  of  equal  parts  of  acid  phosphate  and  kainite.  On  clay  soils 
300  or  400  pounds  per  acre  of  acid  phosphate  are  ordinarily  sufficient. 
If  the  soil  be  low  in  nitrates  a  light  application  of  nitrate  of  soda  will 
assist  materially  in  giving  the  young  clover  plants  a  good  start  and 
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often  enable  them  to  withstand  the  effects  of  a  late,  drought  or  severe 
winter  which  otherwise  might  have  proved  fatal  to  the  stand.  If 
the  seeding  has  been  delayed,  as  by  waiting  for  suitable  rains,  an 
application  of  nitrate  fertilizer  will  stimulate  the  young  plants  and 
enable  them  to  make  an  increased  growth  before  winter. 

Any  direct  application  of  fertilizer  is  usually  made  at  seeding  time, 
but  some  few  farmers  have  been  found  who  apply  it  as  a  top  dressing 
very  early  the  following  spring,  giving  as  a  reason  that  there  is  no 
loss  from  winter  leaching  and  that  the  plants  are  by  this  method 
nourished  at  the  time  they  are  making  their  most  vigorous  growth. 
Such  top  dressings  of  fertilizer  should  not  be  made  while  the  leaves 
are  wet  with  rain  or  dew.  Where  stable  manure  is  applied  to  crimson 
clover  very  marked  results  follow.  It  may  be  spread  just  before 
seeding,  when  the  clover  is  not  grown  in  an  intertilled  crop,  or  it  may 
be  applied  as  a  top  dressing  in  winter  or  very  early  spring. 

The  more  vigorous  the  growth  that  can  be  induced  by  the  applica- 
tion of  suitable  fertilizers  the  more  marked  will  be  the  increase  in  the 
yield  of  the  succeeding  crops.  On  soil  not  well  supplied  with  humus 
or  plant  food  the  use  of  a  reasonable  amount  of  fertilizer  will  often 
enable  a  successful  crop  of  clover  and  succeediug  crops  to  be  produced 
where,  had  not  the  fertilizers  been  applied,  the  clover  would  have 
failed.  Furthermore,  the  following  crop,  particularly  if  it  be  com, 
would  also  fail  to  give  the  increased  yield  which  follows  a  successful 
stand  of  crimson  clover. 

An  application  of  barnyard  manure  will  be  found  to  be  especially 
effective  in  obtaining  a  stand  of  crimson  clover  on  any  thin,  galled 
spots  in  the  field.  The  manure  should  be  worked  into  the  ground 
and,  if  possible,  a  second  application  as  a  top  dressing  should  be 
given  such  thin  places  to  partially  shade  the  ground  from  the  August 
sun  while  the  seedlings  are  establishing  themselves. 

UMING  SOILS  FOB  CRIMSON  CLOVEB. 

Most  of  the  soils  in  the  crimson-clover  sections  will  be  f oiind  to  be 
benefited  by  liming.  Crimson  clover,  however,  does  not  appear  to 
require  lime  to  the  extent  that  red  clover  does.  Frequently  on 
well-drained  soils  in  a  good  state  of  fertility  the  crimson  clover 
makes  a  vigorous  growth  without  the  use  of  lime.  The  stands  are, 
however,  usually  more  uniformly  good  over  the  limed  parts  of  such 
fields  than  on  the  parts  that  have  received  no  lime.  The  opinion 
among  individual  farmers  appears  to  be  about  equally  divided  as  to 
whether  or  not  it  pays  them  to  lime  their  soils  for  crimson  clover. 
In  considering  the  advisability  of  applying  lime  one  must  not  lose 
sight  of  the  need  of  lime  on  the  part  of  such  other  crops  as  canta- 
loupes or  peaches,  which  require  lime  and  which  are  either  grown 
with  the  clover  or  follow  it.    Inasmuch  as  the  extent  of  the  benefit 
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is  somewhat  uncertain  it  is  suggested  that  the  particular  require- 
ments of  the  farm  in  question  be  determined  by  liming  small  plats 
at  different  rates  before  any  considerable  areas  are  limed.  The 
most  profitable  rate  of  application  can  then  be  adopted  for  the 
whole  acreage. 

mOCITLATION  FOB  CBIMSON  CLOVEB. 

Fortunately  most  of  the  soils  in  the  crimson-clover  sections  appear 
to  be  already  inoculated.  This  is  especially  true  in  sandy  soil  areas 
where  crimson  clover  has  been  grown  for  a  number  of  seasons.  In 
sections  new  to  this  crop  inoculation  in  some  form  h  usually  neces- 
sary. On  clay  soils  inoculation  is  not  always  present,  even  though 
crimson  clover  may  have  been  grown  for  a  number  of  successive 
seasons  on  other  fields  of  the  farm. 

An  experiment  conducted  by  the  Alabama  State  Agricultural  Ex- 
periment Station  shows  how  essential  inoculation  is  on  soils  which 
have  not  previously  grown  crimson  clover.  In  this  experiment  a 
yield  of  4,057  pounds  of  crimson  clover  hay  was  secured  where  the 
plants  were  inoculated,  as  compared  with  only  761  pounds  where  no 
inoculation  was  provided.  In  another  test  by  tlie  same  station  the 
inoculated  plat  of  crimson  clover  yielded  at  the  rate  of  6,100  pounds 
of  cured  hay  per  acre,  wnile  the  uninoculated  plat  was  a  total  failure. 

Inoculation  by  the  use  of  soil  from  a  crimson-clover  field  is  con- 
siderably more  certain  than  m  inoculation  by  the  use  of  pure  cultures, 
but  soil  inoculation  is  open  to  the  danger  of  introducing  noxious 
weeds,  insects,  and  plant  diseases,  especially  if  the  soil  is  brought 
from  a  distance.  There  is  much  less  danger  in  this  respect  if  soil 
from  inoculated  plants  can  be  obtained  in  the  same  neighborhood. 
One  very  practicable  method  is  to  apply  a  bottle  of  pure  ctilture* 
to  a  pound  or  two  of  the  seed  and  sow  this  in  the  corner  of  some  field, 
or  even  in  the  garden.  The  resulting  plants  will  be  quite  sure  to  be 
inoculated  and  will  furnish  an  abundant  supply  of  soil  for  inocu- 
lating much  larger  areas  at  the  next  seeding.  Care  must  be  taken 
not  to  allow  the  sun  to  shine  upon  either  the  pure  cultures  or  the 
soil,  or  even  on  the  seed  after  it  is  broadcasted.  For  this  reason  it 
is  safest  to  seed  on  a  cloudy  day  or  after  sundown.  One  very  satis- 
factory method  of  soil  inoculation  consists  merely  in  mixing  together 
equal  parts  of  the  proper  soil  and  seed  and  sowing  immediately  in 
front  of  the  covering  harrow. 

SEEDING  CBIMSON  CLOVEB. 

Crimson  clover  may  be  sown  broadcast,  by  hand,  with  a  wheel- 
barrow *' sheep-trough''  seeder,  or  with  any  of  the  famihar  types  of 

1  Pure  cultures  are  sent  free  by  the  U.  S.  Departmont  of  Agriculture.    Full  instructions  for  using 
accompany  each  botUe. 
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rotary  seeders.  It  is  sometimes  drilled  in  and  there  are  a  number  of 
specially  constructed  drills  designed  for  this  purpose. 

The  consensus  of  opinion  among  farmers  is  that  shallow  seeding  is 
generally  best,  especially  upon  the  clay  soils.  An  inch  in  sandy  soils 
and  half  an  inch  in  clay  soils  appears  to  be  about  the  right  depth 
except  in  times  of  drought. 

The  ordinary  rate  of  seeding  is  15  pounds  per  acre,  although  some 
use  20  pounds,  while  others  are  able  to  obtain  satisfactory  stands 
with  only  12  pounds  per  acre.  One  pound  of  seed  per  acre  provides 
for  three  seeds  for  every  square  foot;  hence,  if  every  seed  produced 
a  plant,  2  pounds  per  acre  would  be  theoreticall}^  sufficient  to  secure 
a  satisfactory  stand.  Under  ordinary  circumstances,  however,  it  is 
necessary  to  allow  for  some  of  the  seed  being  covered  too  deep,  while 
a  considerable  proportion  may  prove  to  be  covered  too  shallow  for 
successful  growth.  The  principal  justification  of  seeding  such  a 
quantity  and  at  varying  depths  lies  in  the  fact  that  in  case  a  dry- 
season  develops  after  seeding  the  more  deeply  covered  seeds  will  be 
able  to  withstand  the  drought  better  than  those  covered  to  a  medium 
depth.  If  an  unusually  wet  season  develops,  the  shallow-planted 
seeds  will  give  the  best  results.  Moreover,  some  of  the  seed  will  fail 
to  germinate.  It  is  also  well  to  have  a  fairly  thick  stand  of  the  young 
plants,  so  that  the  ground  may  be  well  covered  even  during  early 
fall,  and  thus  prevent  the  winter-growing  weeds  from  establishing 
themselves. 

It  is  held  by  many  farmers  that  they  are  more  certain  of  getting  a 
stand  of  crimson  clover  if  they  sow  the  seed  in  the  huU  rather  than  use 
the  hulled  seed  as  it  ordinarily  appears  on  the  market.  It  is  claimed 
that  the  hulls  hold  the  moisture  to  some  extent.  Seed  in  the  hull  can 
easily  be  obtained  by  flailing  out  a  load  of  crimson  clover  which  has 
been  left  xmcut  ia  the  field  xmtil  the  seed  is  mature.  Many 'farmers 
run  the  clover  through  an  ordinary  graia  thrasher,  which  delivers  the 
seed  in  the  hull. 

VABIOUS  HETHODS  OF  SEEDIira  CEIMSON  CLOVEB. 

Crimson  clover  may  be  seeded  in  late  summer  in  any  of  the  ordinary 
intertilled  crops.  It  may  be  seeded  alone  following  any  farm  crop 
which  can  be  removed  from  the  land  by  early  siunmer,  so  that  the 
seed  can  be  sown  in  late  summer  or  very  early  fall.  It  may  also  be 
seeded  for  hay  in  mixture  with  grain,  such  as  wheat,  rye,  barley,  or 
winter  oats,  which  are  ready  to  cut  for  hay  at  about  the  same  time  as 
the  clover  the  following  spring.  A  very  light  seeding  of  an  annual 
catch  crop,  such  as-  buckwheat,  may  be  made  with  crimson  clover  in 
time  for  the  catch  crop  to  make  its  growth  before  winter. 
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SEEDING  CBIMSON  CLOVEB  IN  INTEBTILLED  CBOPS. 

Although  crimson  clover  may  be  seeded  in  almost  any  of  the  inter- 
tilled crops,  in  this  country  probably  half  of  it  is  sown  in  com  at  or 
shortly  after  the  time  of  the  last  cultivation.  (Fig.  3.)  It  is  usually 
possible  to  make  such  a  seeding,  obtain  a  good  growth  during  the  fall 
and  early  spring,  and  mature  a  crop  of  hay  in  time  for  breaking  up  the 
land  for  another  crop  of  com.  South  of  the  latitude  of  central  Dela- 
ware it  is  even  possible  to  mature  a  crop  of  clover  seed  in  time  for  com 
planting.  In  this  way  it  is  possible  to  grow  a  crop  of  com  each  year 
and  at  the  same  time  steadily  increase  the  fertility  of  the  soil  for  a 
scries  of  years.  Treated  in  this  manner  each  succeeding  crop  of  com 
can  ordinarily  be  materially  increased.     Instances  are  reported  where 


Fio.  3.— Seeding  crimson  clover  in  corn  at  the  last  cultivation. 

the  yield  of  com  has  been  gradually  increased  by  this  means  from 
10  bushels  per  acre  at  the  start  until  as  high  as  70  bushels  per  acre 
were  secured. 

The  newly  seeded  stands  of  clover  in  com  are  likely  to  perish  if 
drought  occurs  at  or  after  seeding  time.  The  growing  com  makes 
heavj^  demands  on  the  soil  moisture,  and  if  there  is  not  enough  moisture 
for  both  clover  and  com  the  latter  gets  the  larger  share  and  the  tender 
clover  plants  are  likely  to  succumb.  It  sometimes  happens  that  a 
very  light  rain  shortly  after  seeding  the  clover  wiQ  cause  the  seeds  to 
germinate,  only  to  perish  during  the  succeeding  days  of  dry  weather. 
On  account  of  the  competition  for  moisture  between  the  com  and 
clover  it  is  best  to  cover  the  clover  seed  a  little  deeper  than  is  neces- 
sary when  it  is  sown  on  fallow  land. 
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North  of  the  Potomac  River  the  last  cultivation  of  the  corn  comes 
at  about  the  right  time  for  the  best  results  with  clover  seeded  at  the 
same  time.  Farther  south,  however,  there  is  too  much  hot  weather 
after  the  com  is  laid  by,  and  as  a  consequence  it  is  best  to  delay  the 
seeding  of  the  crimson  clover  until  about  8  or  10  weeks  before  the 
first  frost  may  be  expected.  A  light  narrow-toothed  cultivator  or 
harrow  may  be  run  shallow  between  the  rows  to  cover  the  seed. 
The  seed  may  be  sown  broadcast  by  hand  or  even  from  horseback 
with  a  rotary  seeder.  In  such  an  event,  however,  it  is  necessary  to 
cover  the  ears  of  the  horse  with  Bmall  bags  or  socks  to  prevent  the 
entrance  of  the  flying  seed.  A  much  more  even  stand  is  made  possible 
if  the  corn  Is  given  level  tillage  rather  than  the  ridged  tillage  incident 


Fig.  4.— Crimson  clover  tn  an  old  cornfield.  The  clover  was  seeded  in  the  com  at  the  last  cultivation. 
A  fodder  stack  is  to  be  observed  in  the  middle  foreground.  The  cornstalks  have  been  removed  to 
avoid  difficulty  in  mowing  the  clover. 

to  plowing  with  a  1-horse  corn  plow  and  ridging  the  land.  The 
appearance  of  a  field  of  crimson  clover  seeded  the  summer  previous 
in  com  is  indicated  in  figure  4. 

In  North  Carolina  and  southern  Virginia  it  has  been  found  possible 
under  favorable  conditions  to  objtain  a  satisfactory  stand  of  clover 
by  seeding  in  cotton.  The  clover  should  not  be  sown  until  10  or  12 
weeks  before  frost  and  the  last  working  of  the  cotton  comes  ordinarily 
at  an  earlier  date  than  this.  It  is  necessary  that  the  cotton  be  given 
very  clean  culture,  as  well  as  special  attention  paid  to  conserving  the 
moisture  in  th^B  prospective  clover-seed  bed.  Unless  the  first  show  of 
cotton  is  picked  early  it  is  diJBBcult  to  cover  the  clover  seed  without 
unduly  injuring  the  opened  cotton  bolls.     In  the  higher  and  more 
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northern  parts  of  the  cotton  belt  it  is  possible  to  make  the  clover 
seeding  before  the  bolls  begin  to  burst. 

Crimsoir  clover  may  be  seeded  in  practically  any  of  the  cultivated 
truck  crops  which  receive  their  last  cultivation  from  8  to  12  weeks 
before  the  first  frost.  It  is  not  practicable  to  seed  the  clover  in  late 
potatoes,  as  the  digging  of  the  potatoes  in  the  fall  practically  destroys 
the  stand  of  clover.  The  heavy  appUcation  of  fertilizers  necessary 
for  the  truck  crops  makes  possible  a  vigorous  growth  of  the  clover. 
The  result  is  that  the  soil  is  materially  built  up  in  both  nitrogen  and 
humus.  The  clover  makes  its  growth  at  a  season  of  the  year  when 
the  land  is  not  ordinarily  occupied  by  any  of  the  r^ular  truck 
crops. 

When  timely  rains  follow  the  seeding  it  is  possible  to  seed  the  clover 
on  the  surface  of  the  ground  among  cantaloupe  vines  and  allow 
the  fiirst  rain  to  cover  the  seed.  The  shade  is  apparently  too  dense 
imder  watermelon  vines  for  the  clover  seedlings  to  survive.  The 
writer  has  obtained  a  good  stand  by  seeding  the  clover  seed,  without 
covering,  in  sweet  potatoes  the  first  week  in  August  on  sandy  land 
near  Washington,  D.  C.  By  hand-digging  the  potatoes  with  a  spade 
a  fair  stand  of  the  clover  plants  was  left  unharmed. 

SEEDING  CRIMSON  CLOVEB  AFTEB  EABLT-MATUBING  CSOPS. 

It  is  possible  to  seed  crimson  clover  after  practically  any  of  the 
ordinary  farm  crops  which  can  be  removed  from  the  land  three  months 
before  frost. 

It  is  somewhat  difficult  to  obtain  anything  like  an  ideal  seed  bed 
for  crimson  clover  where  a  field  of  grain  stubble  has  been  plowed 
under.  The  soil  in  a  stubble  field  is  apt  to  be  dry  and  cloddy  when 
plowed,  while  the  stubble  tends  to  form  a  dry  mat  at  the  bottom  of 
each  furrow.  Such  a  condition  is  likely  to  continue  for  a  number  of 
weeks  after  plowing  and  to  result  disastrously  to  the  clover  seedlings 
unless  there  be  abundant  and  frequent  rains.  It  is  ordinarily  a  better 
practice  to  disk  the  grain  stubble  and  harrow  every  week,  or  at  least 
after  every  rain,  in  order  to  settle  the  ground  and  assist  in  holding  the 
moisture  pending  the  time  of  seeding.  Such  frequent  harrowings 
wiU  also  kill  the  successive  crops  of  germinating  weed  seeds,  which 
might  otherwise  injure  the  young  stand  of  clover. 

On  the  other  hand,  the  ground  from  which  early  potatoes  have  been 
removed  is  very  favorable  for  the  establishment  of  a  stand  of  crimson 
clover.  The  residual  effect  of  the  fertilizers  used  on  the  potatoes  is 
partially  responsible  for  this,  while  the  well-settled  seed  bed,  which 
requires  only  leveling  and  harrowing,  also  presents  favorable  condi- 
tions for  the  crimson-clover  seedlings. 
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SEEDING    CBIMSON    CLOVEB    WITH    LATE    SITMMEB-SEEDED    ANiniAL 

CSOPS. 

Crimson  clover  may  be  seeded  in  midsummer  or  in  late  summer 
with  a  very  light  seeding  of  buckwheat.  The  buckwheat  soon  forms 
an  ideal  shade  for  the  young  clover  plants  and  unless  frosts  occur  very 
early  a  crop  of  buckwheat  may  usually  be  harvested.  This  method 
has  been  suggested  as  being  appUcable  when  seeding  the  clover  in 
cotton.  If  the  buckwheat  is  not  seeded  until  August  it  will  not  ordi- 
narily produce  seed  in  the  latitude  of  Washington,  D.  C.  Wherever 
possible,  the  seeding  of  buckwheat  and  crimson  clover  should  be 
made  so  early  that  there  will  be  time  for  the  buckwheat  to  mature  its 
seed  crop,  as  in  this  way  the  buckwheat  itself  will  pay  for  the  expense 
of  starting  both  stands.  A  light  seeding  of  the  buckwheat  must  be 
made,  as  an  ordinary  stand  of  buckwheat  shades  the  ground  so  com- 
pletely as  to  destroy  the  crimson  clover. 

Another  method  of  preventing  the  injurious  effect  of  the  hot  sun  of 
late  summer  is  to  make  a  light  seeding  of  cowpeas  at  the  same  time 
that  the  crimson  clover  Is  seeded.  The  cowpeas  germinate  promptly, 
and  being  rather  thin  on  the  ground  do  not  injure  the  stand  of  clover, 
but  on  the  contrary  afford  suflBcient  shade  to  prevent  the  soil  from 
becoming  as  hot  as  it  otherwise  would.  In  addition,  the  clover  plants 
receive  some  protection  from  the  direct  rays  of  the  sun.  There  is 
ordinarily  not  enough  time  for  the  cowpeas  to  mature,  so  they  are 
either  mown  for  hay  or  left  standing  to  catch  the  snow  during  the 
winter  and  protect  the  stand  of  clover.  In  seedings  made  by  the 
writer  half  a  bushel  of  cowpeas  per  acre,  broadcasted,  gave  very  satis- 
factory results,  the  seeding  being  made  August  1  on  sandy  ground 
near  Washington,  D.  C.  The  clover  and  cowpeas  were  sown  broad- 
cast on  early-potato  ground  and  covered  from  one-half  to  1  inch 
deep. 

If  a  light  seeding  of  turnips  be  made  with  the  clover,  the  turnip 
plants  will  afford  some  protection  to  the  young  clover  plants  and  at 
the  same  time  will  ordinarily  yield  a  fair  crop  of  turnips.  About  1 
poimd  of  turnip  seed  and  15  pounds  of  clover  seed  should  be  sown  to 
the  acre.  If  the  seeding  of  turnips  be  at  all  heavy  the  coarse-growing 
turnip  plants  will  choke  out  too  many  of  the  clover  plants.  The  Cow 
Horn  turnips  appear  to  be  especially  adapted  for  seeding  with  crimson 
clover. 

CBIMSON  CLOVEB  IN  MIZTUBES  WITH  OTHEB  LEGTTHES  AND  OBAIN. 

When  crimson  clover  is  seeded  alone  on  good  soil  it  is  likely  to  make 
so  rank  a  growth  as  to  lodge.  To  overcome  this  diflBculty  it  is  a  com- 
mon practice  to  seed  some  small-grain  crop  with  the  clover  at  seeding 
time.    South  of  the  Potomac  River  winter  oats  are  ordinarily  very 
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satisfactory,  especially  when  seeded  with  the  late  white-blooming 
strain  of  crimson  clover.  In  Delaware  and  eastern  Maryland  wheat 
is  commonly  used.     In  addition  to  wheat  and  oats,  rye  or  barley 

is  sometimes  used. 
The  customary  rate 
of  seeding  is  about  15 
pounds  of  clover  seed 
and  30  pounds  of 
grain  per  acre.  The 
accompanying  illus- 
tration (fig.  5)  indi- 
cates the  appearance 
of  a  field  seeded  to 
a  mixture  of  crimson 
clover  and  wheat. 
The  grain  prevents 
the  clover  from  lodg- 
ing, facUitates  the 
curing  of  the  clover 
hay,  and,  in  addition, 
forms  a  valuable 
constituent  of  the 
resulting  hay  crop. 
The  yield  of  the  mix- 
ture is  ordinarily 
somewhat  more  than 
when  the  clover  is 
seeded   alone.      The 

FiQ.  5.— Crimson  clover  and  wheat  in  mixture.    In  tbe  foreground       Al"k  Q4f£kA 

the  crop  has  l)een  cut  and  fed  green  to  stock.    The  remainder  was      Aiaoama  Oiaie  iVgn- 
cut  the  next  day'  or  hay.    The  grain  prevents  the  crimson  clover       cultural   Experiment 

''^'^'^^^'  Station    secured     as 

the  average  for  two  years'  experiments  the  following  yields  of  hay: 

Yield  per  acre. 

Crimson  clover  seeded  alone 2, 836  pounds. 

Crimson  clover  seeded  in  mixtures: 

Barley  and  crimson  clover 3.  695  pounds. 

Wheat  and  crimson  clover 3, 771  pounds-. 

Oats  and  crimson  clover 4, 228  pounds. 

The  grain  is  usually  well  headed  but  is  in  the  milk  or  soft-dough  stage 
when  the  clover  is  ready  to  cut.  The  presence  of  the  grain  hay  makes 
the  clover  hay  more  easily  cured.  With  winter  oats  it  is  usually 
best  to  seed  the  late  white-blooming  variety  of  crimson  clover,  as  the 
oat  crop  matures  somewhat  later  than  the  ordinary  crimson  clover. 
Another  advantage  of  this  mixture  is  that  if  either  should  fail  the 
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other  will  be  present  to  serve  as  a  cover  crop  during  winter  and  bring 
some  return  the  following  spring. 

Crimson  clover  may  be  seeded  in  mixtures  with  vetch,  shaftal 
clover,  trefoil,  or,  in  fact,  any  winter-growing  legume  which  has  a 
growing  season  similar  to  crimson  clover.  Since  most  of  these 
legumes  are  not  upright  in  their  grovrth  it  is  usually  necessary  to  seed 
some  grain  crop  with  them  to  serve  as  a  support  and  to  prevent  the 
plants  from  lodging.  The  grain  is  ordinarily  a  surer  crop  than  the 
l^umes  and  practically  insures  the  groimd  being  covered  with  some 
crop  during  the  winter  and  spring  months. 

SEEDING  CRIMSON  CLOVEB  ALONE. 

If  a  good  seed  bed  can  be  prepared  by  August  1  in  the  latitude  of 
Washington,  D.  C,  crimson  clover  will  ordinarily  produce  a  satisfac- 
tory stand  if  seeded  entirely  alone.  This  is  especially  true  on  the 
clay  soils,  where  it  is  often  difficult  to  obtain  a  successful  catch  in 
com  at  the  last  working.  The  seed  is  sown  at  the  same  rate  as  when 
seeded  in  com,  namely,  about  15  pounds  per  acre.  It  is  the  common 
practice  to  broadcast  the  seed  and  to  cover  with  a  very  light  harrow 
or  wceder.  Unless  the  August  sun  be  unduly  hot  and  a  drought 
develops,  such  seeding  will  ordinarily  produce  very  satisfactory 
results  if  the  soil  be  reasonably  fertile. 

TBEATMEVT  OF   CEIMSON   CLOVEB   STAITOS  AFTEB  SEEDIira. 

Ordinarily  no  special  treatment  is  required  after  -seeding,  and 
before  winter  comes  on  some  fall  pasturage  may  be  obtained  if  the 
growth  be  sufficiently  rank.  A  light  pasturing  with  sheep  has  been 
noted  to  induce  heavier  stobling  on  the  part  of  the  crimson  clover. 
Only  a  light  pasturing  with  small  animals,  such  as  sheep,  calves,  or 
chickens,  should  be  made  in  either  the  fall  or  spring  before  the  early 
spring  growth  is  well  under  way.  If  the  time  of  seeding  has  been 
delayed,  or  if  for  any  reason  it  is  feared  that  the  plants  will  be  unable 
to  make  sufficient  growth  before  cold  weather,  it  has  been  found  that 
a  top  dressing  of  nitrate  of  soda  alone  or  in  mixture  with  muriate  of 
potash  will  greatly  hasten  the  fall  growth.  This  reduces  the  danger 
from  winterkilling  and  heaving  out  in  the  early  spring. 
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Aedu  catopus , 547  1-16 

Ame.  manufacture  in  Japan,  nature,  use,  etc 585  1(^11 

Ameoa,  occurrence  in  poultry,  cause,  treatment,  etc 530  16*-ll^ 

Amianthium  muscaetoxtcumt  poisoning  of  cattle,  relation  of  scarcity 

of  food 586  4 

Amoeba  meleagridU,  cause  of  blackhead  of  chickens 580  li. 

Animal  sugar,  nature,  function 535  U 

Annual  clover.    See  Clover,  crimson. 

Aphis,  pea,  injury  to  sweet  peas,  notes 582  9^12. 

Areca  nut,  use  in  poultry  diseases 580  83. 

Aiipyrol,  use  in  treatment  of  poultry  diseases 580  11, 14 

Arizona  experiment  station,  sheep  breeding,  results 582  21*22 

sheep  industry,  magnitude 532  10 

Amautkadurumwheat,  adaptability  to  eastern  Great  Plains  region.  584  6,7,8 
Abnold,  J.  H.,  bulletin  on  ''How  to  manage  a  com  crop  in  Kentucky 

and  West  Virginia" 546  1-7 

Ash  trees,  injury  by  May  beetles 548  10 

Ashes,  wood,  use  on  potato  lands,  danger  of  spread  of  scab 544  5 

AMpergUlus/uinigatuSj  cause  of  poultry  disease 530  21-22 

fungus,  cause  of  disease  in  chicks 580  27 

Aspergillosis,  poultry,  cause,  sjrmptoms,  and  treatment 530  21-22 

BadUus  icUraidei,  occurrence  in  yellow  fever  patioits 547  14 

j>hytophthoru8y  cause  of  potato  black-leg,  control,  etc 544  8^ 

Bacteria  in  fowls,  cause  of  cholera,  develc^ment 530  7 

occurrence  in  milk,  growth,  etc 541  5 

Boctmum /mZlorum,  cause  of  white  diarrhea  in  chicks 530  27 

soUmacearumy  cause  of  potato  disease,  control 544  10-11 

Baeging,  wool  packing,  requirements. 527  18 

BaKun,  Peru,  use  in  goultoy  diooasos 580  84,85 

Banded-legged  mosquito.    See  Mosquito,  yellow-fever. 

Barley,  growing  with  crimson  clover,  yield,  experiment 550  14 

"Barley  sugar,"' use  of  term 535  8 

Bam,  aairy,  management  for  clean  milk 541  8 

Barnard,  H.  E.,  on  pollution  of  farm  water  supply  in  Indiana 549  6^ 

Bartow,  E.,  on  pollution  of  farm  water  supply  m  Illinois 549  0-7 

Beans,  puree,  for  mutton,  recipe 526  27 

Beef ,  buying  at  retail,  suggestions '. 527  14-19 

composition  and  nutritive  value,  comparison  with  mutton 526  5-6 

cost  of  lean  and  of  total  meat  at  market,  wholesale  and  retail.  527       15, 16-19 

digestibility 526  6 

.  retail  cuts,  location ,  percentage  of  lean,  fat,  and  bone 527  15-17 

various  cuts,  relative  economy  in  use 527  17-19 

waste,  percentage  in  slaughtering 526  6 

Beet  suear.    See  Suear,  beet. 
Beetle,  May.    See  May  beetle. 

Beets,  sugar,  increase  of  sugar  content,  history 535  13-14 

percentage  of  sugar,  increase,  amount  to  produce  one 

ton  of  sugar,  etc 585  18-14 

Beloturka  durum  wheat,  note 584  7 
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Big-stem  Jersey  sweet  potato,  demand  in  northern  markets 548  11 

Bird  enemies  of  common  white  grub 643  13-16 

pox,  cause,  symptoms,  and  treatment 530  16-17 

Bird  Vnest  thistle,  similarity  to  Canada  thistle,  note 545  6 

BisHOPP,  F.  C,  bulletin  on  "The  stable  fly" 540  1-28 

Biting  house  fly.    See  Fly,  stable. 

Blackoirds,  enemies  of  common  white  pub 543  13-16 

Blackhead,  destruction  of  contagion,  difficulties,  suggestions 530  19 

poidtry,  cause,  symptoms,  and  treatment 530  16-19 

preventive  measures 530  *18-19 

Black-leg,  potato,  description,  cause  and  control 544  8-9 

Black-scab,  potato,  description,  danger  of  introduction,  etc 544  7, 8 

Blanche  Perry  sweet  peas,  value  for  winter  flowering 532  10 

Bordeaux  mixture,  use  in  control  of  late-blight  dry-rot  of  potatoes. .  544  11 

value  for  spraying  potatoes 527  7-9 

Boric  acid,  use  in  treatment  of  poultiy  diseases 530       11, 14, 16 

Bo^Fle,  Robert,  extract  from  letter  concerning  maple  sugar,  1663 535  14 

Braised  mutton,  recipes 526  21-23 

Brazil,  yellow  fever,  eradication,  note 547  16 

Breadj  durum  wheat  flour,  production  in  Russia 534  14 

Breeding  habits,  yellow-fever  mosquito 547  8-12 

places,  yellow-fever  mosauito 547  9-10 

Brswstbr,  J.  H.,  on  pollution  of  farm  water  supply  in  Indiana 549  6 

Broiling  mutton,  recii>es 526  25-26 

Brooder  pneumonia  of  chicks,  cause,  symptoms  and  treatments 530  29 

Broody  hens,  treatment 528  8 

Broths,  mutton,  recipes 526  15-16 

Brown  rot.  internal,  potato  disease,  causes 544  13 

Bryant.  U.  C,  on  value  of  the  meadow  lark  to  the  farmer 549  15-16 

Buckwneat,  sowing  with  crimson  clover  as  nurse  crop 550  13 

Bud  wood,  citrus  propaj^tion,  selection  and  care 539  10-11 

Budding  citrus  trees,  directions 539  10-16 

dormant  citrus  trees 539  16 

Buildings,  farm,  dairy  bam 541  8 

potato  warehouse 549  9-15 

sweet  potato  storage  houses 548  4-9 

Bull  thistle,  similarity  to  Canada  thistle,  note 545  6 

Bur  dover,  catch  crop^  value,  management,  etc 532  17 

erowing  with  Bermuda  grass,  methods 532  15 

habitat,  powth  habits,  value  as  crop,  etc 532  13^ 

hay,  cutting,  curing,  and  feeding  vstlue 532  16 

yield  per  acre,  experiments 532  16 

pasture,  management  and  value 532  15 

reseeding  character 532  18 

seed  J  growing  and  harvesting 532  17-18 

seeding  method  for  inoculation 532  14,17 

southern,  production 532  13-18 

wld,  note 532  17 

Busck  and  Knab,  observatioDB  on  breeding  places  of  yellow-fever 

mosquitoes 547  9-10 

Butter,  bad  flavors,  cause,  note 541  5 

colorii^,  management 541  13 

form^  oefects 541  5 

making,farm 541  1-28 

marketing,  delivery  box,  description 541  26-27 

fromfarm 541  18-19 

packing  for  market 541  18 

papers,  requirements 541  26 

printer,  description 541  25,26 

printing 541  18 

production  on  farm,  annual 541  5 

washing,  salting,  and  working,  directions 541  16-18 

Buttermilk,  feeing  to  diolera-mfected  chickens 530  9 

use  in  treatment  of  white  diarrhea  of  chicks ^.  530  28 

Butterworkers,  descriptions 541  25 
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Oalcium  in  diet,  foods  sapplyiiig 535  25 

CSalomel,  use  in  treatment  of  poultry  diseases 530  24,25 

Canada,  farm  water  supply,  pollution 549  6 

thistles,  control 545  1-14 

See  also  Thistle^  Canada. 

Canal  Zone,  yellow  fever,  eradication 647  16 

Candies,  composition,  colormg,  etc.,  caution 535  2^29 

effect  on  teeth 535  26-27 

Cane,  sugar,  nutritive  value 535  23 

use  as  food  by  negro  laborers 535  23 

See  Suj^,  cane. 

Canker,  potato,  descnption,  danger  of  introduction,  etc 544  8 

poultry,  treatment 528  11 

Canned  nruit,  use  of  sugar,  proportions 535  28 

Cantaloupes,  growing  with  crimson  clover 550  12 

Caper  sauce ,  recipes 526  20-21 

Caramel  flavor  for  siruiw,  use 535  21 

nature,  cause  of  color  in  sugar,  etc 535  8 

Carbohydrates,  nature,  chenucal  composition,  etc 535  7--8 

Carbolic  add,  for  contagious  abortion  of  cattle 549  20-21 

solution,  disinfectant  for  poultry  houses,  value 530  7 

use  in  Hce  powder  for  poultry 530  5 

poultry  diseases 530  34,35 

solution,  remedy  for  chicken  cholera 530  9 

Carbon  bisulphid,  use  against  white  grub 543  20 

Caries,  teeth,  causes,  discussion 535  26 

OagUx  oil,  use  in  treatment  of  poultry  diseases 530  24, 26, 33, 36 

Catarrh,  contagious,  in  poultry.    See  Roup. 

Catechu,  use  in  treatment  of  poultry  diseases 530  24,28 

Cattle,  contagious  abortion,  carbolic  acid  as  remedy 549  20--21 

host  of  stable  fly,  injuries,  etc .- 540  8 

injuries  from  stable  fly 540  9-12 

larkspur  poisoning,  symptoms 531  10-11 

losses  from  poisonous  plants 531  5 

stable  fly,  character  of  injuries,  etc 540  9-11 

poisoning  from  stagger  grass,  relation  of  scarcity  of  food 536  4 

Cauthen,  E.  F.,  statement  on  value  of  southern  bur  clover 532  13 

Cherry,  wild,  poisoning  of  Hve  stock,  relation  of  scarcity  of  food 536  3 

Chicken  pox  in  fowls,  cause,  symptoms,  and  treatment 530  16-17 

poultry^  treatment 628  11 

CMckens,  aspeigillosis  symptoms 530  22 

bird-pox  symptoms 530  15-16 

cholera  symptoms 530  8 

coccidiosis  symptoms 630  23. 

diarrhea,  remedy 528  12 

diphtheria  symptoms 530  12-13 

''going  light,"  causes,  treatment,  etc 530  25-26 

konenesB,  symptoms  of  diseases 530  8,20,35 

mange  symptoms,  treatment,  etc 530  33-34 

raising,  suggestions 528  5-12 

roup  sjonptoms 530  10-11 

sick,  kiUin^  as  best  preventive  of  contagious  diseases 530  5 

tuberculosis  sjrmptoms 530  20 

white-comb  s^pnptoms 530  25 

worm  infestation,  cause,  symptoms,  and  treatment 530  32-33 

Chicks,  bowel  trouble,  treatment 528  12 

brooder  pneumonia,  cause,  sjrmptoms,  and  treatment 530  29 

feediiu; 528,  10 

gape  ^sease,  cause,  symptoms,  and  treatment 530  30-32 

infectious  diseases 530  26-32 

treatment 528  9 

forlice 530  4-5 

white  diarrhea,  cause,  symptoms,  and  treatment 530  26-29 

Children,  dietaries,  place  of  sugar 535  30-31 

Chlorate  of  potash,  solution,  use  in  treatment  of  poultry  diseases 530  14 
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Cholera  badllufi,  cause  of  duease  in  chicks 530  27 

chicken,  symptoms. 530  8 

poultaos  cauM,  symptoms,  and  treatment 530  7-9 

Ohum^  barrel,  description 541  24 

Churning,  control  of  size  of  butter  globules 541  15-16 

fttctors  influencing  process 541  13-45 

Cicuta,  poisoning  of  live  stock,  relation  of  scarcity  of  food,  note 536  3 

Cirsium  arvense.    See  Thistle,  Canada. 

Citrus  crops,  injuries  from  wind  and  rainfall 538  11 

fruit  growing,  climatic  and  soil  requirements 538  7-9, 11 

hauling,  effect,  cost,  etc 538  9 

fruits,  botanical  and  horticultural  classes 538  12-13 

groves,  catch  crops,  management 542  7 

distance  from  railroad,  suggestions 538  9 

drainage,  importance 538  10 

frost  protection,  natural 538  11 

Gulf  States,  sites,  soils,  and  varieties 538  1-15 

in  the  Gulf  States,  culture,  fertilization,  and  frost 

protection 542  1-20 

injury  by  excess  of  ammonia  in  fertilizer 542  11 

protection  from  cold,  methods 542  12-17 

seedling,  disadvantages 589  9 

setting,  preparation  of  land,  catch  crops,  etc 542  5-7 

land,  cost  in  Florida 538  9 

trees,  effect  of  low  temperatures 538  8 

frost  injury,  danger  point  under  different  conditions. . .  542  15 

grafting,  methods  and  directions 542  18-20 

propagation  in  Gulf  States 539  1-16 

pruning,  practices 542  7-6 

stock  for  propa^tion,  importance,  kinds  suitable  for 

different  sections 539  3-6 

trifoliata,  value  as  stock  for  citrus  trees 539  3-4 

Clark,  J.  Allen,  and  Cecil  Salmon,  bulletin  on  "Durum  wheat".  534  1-16 
Clawson,  a.  B.,  C.  Dwiqht  Mabsh,  and  Hadleiqh  Marsh,  bul- 
letin on  "Larkspur  or  'poison  weed*" 531  1-15 

Clay  lands,  value  of  vetch 529  18 

Clearing  land  for  citrus  grove,  suggestions 542  5 

Clover,  crimson,  fertilizers  suitable 550  6-8 

growing  the  crop 550  1-15 

history  and  distribution 550  3 

in  intertilled  crops 550  10-12 

mixture  with  other  crops 550  13-15 

mixtures,  for  hay 550  9 

inoculation  of  soil,  methods,  experiments,  etc 550  8 

pasturing 550  15 

securing  a  stand,  management 550  5-9 

seed  bed,  preparation. . ". 550  6 

varietal  names 550  3 

Southern  bur.    See  Bur  clover. 

Cocddia,  cause  of  disease  in  chicks 530  27 

nature,  cause  of  poultry  diseases,  etc 530  22-23 

Coccidiosis,  poultry,  cause,  sjnnptoms,  and  treatment 530  22-24 

Coffey,  W.  CT,  statement  on  marketing  wool 527  10-11 

"Commercial  dextrose,"  nature 536  U 

Confectionery,  use  of  su^r 535  27-29 

Conifers,  damage  by  white  grub,  note 643  5 

Cooking,  use  of  sugar 535  27-28 

Coolers,  cream^  description  and  management 549  22-24 

Copperas,  use  m  treatment  of  coccidiosis 530  24 

Com  acre,  selection,  preparation,  etc 537  10-14 

cultivation,  directions 546  7 

suggestions 537  16-18 

damage  from  white  grubs,  1912 543  5-6 
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Com  growing;  how  to  grow  an  acre 537  1-21 

Kentucky  and  West  Viiginia,  management  of  crop. . .  546  1-7 

seed  selection  for  Kentucky  and  West  Virginia 546  6 

sources  of  information  for  mrmer 546  7 

variety  selection,   relation  of  environment,  sugges- 
tions, etc 537  5-7 

with  crimson  clover,  management,  increase  in  yield, 

etc 550  10-11 

harvesting,  methods,  directior^  etc 546  7 

improvement  work,  seed  selecuon,  preparation  of  soil,  plant- 
ing, etc 537  7-18 

land,  requirements 546  5 

planting,  directions 546  7 

improvement  work 537  14-15 

rootworm,  preventive  measure,  note 529  17 

seed.    See  Seed  com. 

BU^r,  raw,  composition 535  15 

thinning,  suggestions  in  one-acre  crop 537  16 

yield,  increase,  work  of  com  dubs,  etc 537  5 

measuring 537  20-21 

Corned  mutton,  uses,  etc 526  31 

Comell  Experiment  Station,  work  on  sweet  peas 532  5-13 

Cotton  famis,  crop  rotation  with  vetch 529  18-19 

growing  with  crimson  clover,  management 550  11-12 

Cover  crop,  value  of  crimson  clover 550  3 

Cow  horn  turnips,  value  as  nurse  crop  for  crimson  clover 550  13 

poison.    See  Larkspur. 

Cowpea  hay,  nitrogen  content  compared  to  vetch  hay ;...  529  8 

Cowpeas^  growing  on  land  for  citrus  grove,  note 542  6 

Cows,  milch,  mana^ment  for  clean  milk 541  6-7 

milk  production,  losses  from  stable  fly 540  10 

Cox,  H.R..  bulletin  on  "Controlling  Canada  thistles" 546  1-14 

Cream,  ada  content  for  butter  making 541  13 

changes,  causes 541  5-6 

coolers,  description  and  management 549  22-24 

cooling  without  ice 549  22-24 

ripeness,  determination,  methods 541  12-13 

ripening,  methods,  management,  etc 541  11-12 

temperature 541  9-10 

vat,  description 541  21-22 

separation  by  gravity  methods 541  9 

separator,  care 541  8 

requirements 541  21 

stirrer,  description 541  23 

storage  room,  management  for  good  butter 541  8-9 

value  of  starters 541  12 

Cresol,  compound  solution,  disinfectant  for  poultry  houses,  value. . .  530  6-7, 33 

disinfectant  for  poiiltry  diseases 530  24 

Crimson  clover,  growing  the  crop 550  1-15 

See  €lUo  Clover,  crimson. 

Crop  bound,  poultry  disease,  causes,  symptoms,  and  treatment 530  35-36 

impacted,  poultry  disease,  cause,  s3rmptom8,  and  treatment. . .  530  35-36 

rotation,  place  of  vetch 529  16-19 

Crops,  gmb-imeeted  lands,  suggestions 543    .  18 

Croquettes,  mutton,  redpes 526  28-29 

Crown-working  citrus  trees,  directions 542  19-20 

Crows,  enemies  of  common  white  grub 543  13 

Crade  oil,  use  as  fuel  in  orchards,  disadvantages 542  13 

Cuba,  acute  infectious  diseases,  investigation,  board  appdnted  by 

Surg.  Gen.  Sternberg,  etc 547  14 

Habana,  yellow  fever,  eradication^  note 547  16 

yellow-fever  investigations^  experiments,  etc 547  14-16 

Culexfasciatua.    See  Mosquito,  yellow  fever. 

Cultivators,  eradication  of  Canada  thistle,  descriptions 545  9-12 
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Curled  thistle,  similarily  to  Caiutda  thislle,  no    546  6 

Curry,  mutton,  recipe 626  17 

Cuttings,  citrus,  selection 539  9 

Cutworms,  climbing,  injury  to  sweet  peas,  eradication 532  12-13 

com  growing,  combating 537  15-16 

Dairy  bam,  management  for  clean  milk 541  8 

brushes,  description 541  20 

farm,  equipment  necessary 541  1^27 

toms,  crop  rotation  with  vetch 529  18 

Damping-off  fungus,  injury  to  sweet  peas,  cause,  etc 532  13 

Davidson,  W.  C.  design  for  septic  tank  for  farm  sewage 527  20 

Davis,  John  J.,  bulletin  on  "  Conmion  white  grubs" 543  1-20 

Day  mosquito.    See  MocNquito,  yellow-fever. 

Delphinium  haxheyi,  habitat  ana  description 531  6-7 

dicoZor,  habitat  and  description 531  10 

cucullatum.  habitat  and  description 531  7 

nehonif  habitat,  description,  etc 531  9-10 

Denmark,  sugar  consumption  per  capita 535  7 

Dextrose,  commercial,  nature 535  11 

nature .535  9 

Diarrhea,  hens,  remedy 528  12 

white,  of  chicks,  cause,  symptoms,  and  treatment 530  26-29 

Dickeeon,  W.  R.,  note  on  May  beetle  and  white  gmb 543  8 

Diet,  value  of  mutton,  etc 526  1-32 

Dietaries,  children,  place  of  sugar 535  30-31 

Digger,  sweet  potato,  description 548  11 

DiphtJieria,  poultry,  cause,  symptoms,  and  treatment 530  12-15 

Diseases,  poultry,  important 530  1-36 

treatment 528  11-12 

water-bome,  note 549  6 

Disinfectants,  poultry,  and  their  application 530  6-7 

D(»,  host  of  stable  fly,  injury,  etc 540  8 

Dolve,  R.  M.,  on  storage  of  potatoes  and  potato  cellars 549  9, 12-15 

Drainage,  citrus  groves,  importance,  management,  etc 538  10 

Dry  regions,  durum  wheat  production,  advantages 534  6 

Dry-rots,  potato,  descriptions  and  control 544  11-13 

Durum  wneat 534  1-16 

characteristics 534  5-6 

comparison  with  other  spring  wheats 534  6 

drought-resistant  quality 534  6 

effect  of  wet  seasons 534  6 

growing,  improvement  of  crop,  suggestions 534  16 

in  dry  regions,  advantages 534  6 

growth  habits,  cultural  methods,  etc 534  16 

mtroduction,  production,  etc 534  5 

objectionable  charactCTistics 534  6 

production  area,  limitations,  etc 534  8-10 

uses,  value,,  etc 534  13-14 

varieties 534  6-8 

yields,  comparison  with  common  wheats 534  10-13 

Eelworm,  potato  disease,  description  and  control 544  13-14 

Egg  laying,  contests  and  breeding  for  egg  production 549  16-18 

production,  suggestions 528  1-11 

Eggs,  blood  rings,  cause,  prevention,  etc *. 528  6-7 

for  incubation,  requirements,  treatment,  etc 530  4 

infection  with  germs  of  poulliy  diseases 530  27 

tubercle  bacilli 530  20 

infertOe,  advantages  in  keeping  qualities,  illustrations 528  6-7 

losses  from  bad  methods  of  nandlmg,  annual 528  6-7 

marketing,  suggestions - 528  11 

saving  for  hatching - 549  16 

soft-shelled,  causes 528  11 

turkey,  treatment  to  prevent  blackhead 530  18 

Elm  trees,  injury  by  May  beetles 543  10 
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Emmett,  A.  D.,  and  L.  D.  Hall,  statement  on  ''Retail  bu3ring  of 

beef" 627  14-19 

England,  surar  consumption  per  capita 535  7 

En^ish  vetcn.    See  Vetch,  common. 

Entero-hepatitis,  poultry,  cause,  sjrmptoms,  and  lareatment 530  1&-19 

Epsom  salts,  use  in  treatment  of  poultry  diseases 530  18,26,33,36 

Experiment  Station  Work,  LXXlV 527  1-24 

LXXV , 532  1-24 

LXXVI 549  1-24 

Extract,  mutton,  preparation 526  16 

Farm,  butter  making 541  1-28 

homes,  sewage  disposal 527  19-24 

water  supplsr,  pollution,  investigations 549  5-9 

Farmers,  consumption  of  sweets,  advantage 535  19 

Farming,  mixed,  on  uplands,  rotations  with  vetch 529  17-18 

Fat,  mutton,  characteristics,  etc 526  &-10 

savory  from  mutton,  preparation  and  uses 526  9 

See  also  Mutton  fat. 

Favns,  poultry,  cause,  symptoms,  and  treatment 530  24-25 

Feedj  poultry,  sprouted  oats,  production  and  value 549  18-20 

Feedmg  poultry  for  eggs 528  10 

Fern,  male,  use  against  poultry  diseases :...  530  33 

Fertilizers,  citrus  nurseries,  kinds  for  different  soils 542  10 

trees,  kinds  for  different  soils 542  8-12 

com  ^wing,  requirements,  application,  etc 546  6 

improvement  work 537  10-12 

crimson  clover,  kinds  suitable  to  different  soils,  appli- 
cation, etc 550  6-8 

organic,  use  on  citrus  groves,  effect 542  12 

sweet  pea 532  9 

use  of  term : 542  9 

on  potato  lands,  danger  of  spread  of  scab,  etc 544  5-6 

Finlay,  Oarlos,  studies  on  cause  of  yellow  fever 547  14 

Flavor  mutton,  effect  of  different  methods  of  treatment 526  7-8, 32 

use  of  sugar. .., 535-  20-21 

Fleeces,  American,  discrimination  against,  on  account  of  dung  tags.  527  12 

tying,  packing,  and  storing 527  11-13 

See  alto  Wool. 

FUee,  combating,  methods 532  22-24 

Florida,  citrus  groves,  setting,  pruning,  protection  from  frost,  etc..  542  6-17 

orchards,  vaneties  suitable 538  13-14 

Keys,  occurrence  of  limes,  quality,  demand,  etc 538  14 

Flour,  durum  wheat,  nutritive  properties 534  14 

use,  value,  etc 534  13-15 

Flowers  of  sulphur,  use  in  poultry  diseases 530  34 

Fly,  horn,  dinerentiation  from  stable  fly 540  14 

stable 540  1-28 

breeding,  feeding,  and  hibernation  habits 540  15-20 

places?. 540      7-8,15-16 

control 540  20-28 

distribution  and  abundance 540  5-7 

enemies 540  22-23 

hosts : 540  8 

life  history,  description,  etc 540  12-14 

outbreak,  1912,  history 540  7-12 

trap,  for  stable  flies,  description,  value,  etc 540  25-26 

traps,  descriptions 532  23-24 

Food,  of  man,  percentage  of  animal  and  vegetable,  average 535  16 

value  of  sugar,  etc 536  1-32 

Forage,  vetch,  palatability 529  14 

Forbes,  S.  A.,  economic  study  of  May  beetles  and  white  grubs 543  5 

note  on  pasturmg  pigs  on  grub-infested  fields 543  17 

Formaldehyde,  use  as  preventive  of  potato  scab 644  & 

in  destruction  of  flies,  method 532  23 

treating  seed  potatoes 544  14 
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Formalin,  use  itfaiiiflt  potato  scab 533  15 

Fowls,  cholera  bacteria,  development 530  7 

dead  from  ch<dera,  appearance 530  9 

France,  su^  consumption  per  capita 535  7 

Frandsen,  J.  H.,  on  cooling  cream  without  ice 549  22-24 

French  clover.    See  Clover,  crims(»i. 

Frost  protection,  citrus  groves  in  the  Gulf  States,  culture  and  fertili- 
zation  542  1-20 

natural,  for  citrus  groves 538  11 

Fruits,  acid,  sweetening  before  and  after  cooking 535  8 

sugarcontent 535  29 

Frying  mutton,  recipes 626  26-27 

Fuel  oils,  sources,  use  in  orchards,  etc 542  13-15 

Fuller,  M.  L.,  on  transmission  of  typhoid  through  polluted  water. . .  549  5 

water  from  different  soils  and  strata 549  5 

Fumxnum  aiy$parum,  cause  of  potato  disease 544  9-10 

tn^thedcndeSj  potato  disease,  description  and  control 544  12-13 

wih,  potato  disease,  description  and  control 544  9-10 

Gapes,  chicks,  cause,  symptoms,  and  treatment 530  30-^ 

remedy 528  12 

use  of  extractors,  directions,  etc 530  81-82 

(Gasoline,  use  in  lice  powdera  for  poultry,  precaution 530  5 

GeesSj  symptoms  of  coccidiosis  of  ndneys 530  28-24 

Geoiguk,  vetch  growing 529  5 

Geranium,  mountain,  description 531  7-8 

viBooinssimuniy  description 531  7-§ 

German  clover.    See  Olover,  crimson. 

Germany,  sugar  consumption  per  capita 535  7 

Glucose,  conmiercial,  nature,  uses,  etc 535  11-12 

Glvcogen,  nature 535  11 

''Going  light,  *'  poultry  disease,  symptoms,  causes,  and  treatment. . .  530  25-26 

Goisas,  Colonel,  eradication  of  vellow  fever  in  Habana,  note 547  16 

Grading,  sweet  potato,  market  demands,  etc 548  13-14 

Grafting  citrus  trees,  methods  and  directions 542  19-^ 

Giape  sugar,  nature,  origin,  etc 535  8 

Gravies,  use  of  mutton  mt 526  10 

Gravity  methods,  cream  separation 541  9 

Green,  £.  £.,  methods  for  destruction  of  flies 532  23 

Grub,  white,  area  affected  in  outbreak  of  1912 543  5-6 

cropsdamaged 643  5-6 

food  habits 543  9 

infested  districts,  1912 543  6-6 

life  history,  habits,  etc 543  8-11 

Grub-infested  fields,  pasturing  with  hogs  and  cattle,  advantages 643  16, 17 

Crrubs,  June  beetle,  aestruction  with  carbon  bisulpnid 543  20 

similarity  to  white  |pnib,  characteristics,  etc 543  12-13 

like  to  conmion  white  grub,  habits,  differentiation,  etc 543  12-13 

white,  collecting  from  plowed  field,  suggestions 543  18 

common 643  1-20 

control  methods 643  16-20 

natural  enemies 543  13-16 

outbreak  of  1912 643  5-6 

in  1916,  outlook 543  6-8 

Grubworms.    See  Grubs. 

Gulf  States,  citrus  groves,  culture,  fertilization,  and  frost  protection.  642  1-20 

propagation 539  1-16 

Hackberry  trees,  injury  by  May  beetles 643  10 

Hairy  vetch,  growth  habits,  adaptability  to  various  soils,  etc 529  7-8 

seed,  importations,  note 529  15 

production,  difficulties,  management,  yield,  etc . .  529  15-16 
See  also  Vetdi. 
Hall,  L.  D.,  and  A.  D.  Emmett,  statement  on  ''Retail  buying  of 

beef" 627  14r.l9 

Hammock  land,  orange  growing,  suitability 538  10 
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Haricot  of  mtftton^iedpe 526  18 

Barley,  Vaughan,  experiment  with  sugar  in  the  diet 535  24 

Harrowing  com  land,  directioDB 4 546  5 

Hastlbt,  C.  P.,  bulletin  on '*How  to  grow  an  acre  of  corn" 537  ir21 

Harvesting  buiM^lover  eeed 532  18 

com,  methods  and  directions 546  7 

sweet  potatoes,  directions 548  11-12 

Hay,  bur  clover,  composition. 532  16 

cutting,  curing,  and  feeding  value 532  16 

Canada  thistle  in,  prevention 545  7 

nitrogen  content  of  vetch  compared  to  cowpea 529  8 

vetch  in  mixtures  with  other  crops 529  14 

production,  cutting,  shocking,  etc 529  13-14 

Hearts,  sheep's,  steweo^  recipe 526  18-19 

Heaters,  orchard,  description,  number  to  acre,  etc 542  13-15 

Hemlock  poisoning  of  live  stock,  relation  of  scarcity  of  food 536  3 

Hens,  broody,  treatment 528  8 

diarrhea,  treatment 528  12 

setting,  selection,  treatment,  etc 53Q  4 

treatment  for  lice 530  6 

ffeterodera  radieioola,  cause  of  potato  disease,  control 544  13-14 

Hill-selection  method,  seed-potato  production 533  12 

Hindu  laborers,  consumption  of  sweets 535  20 

Hodge,  F.  C,  trap  for  stable  flies 540  25-26 

Hots,  pasturing  on  grub-infested  fields,  advantages  and  caution 543  16-17 


Holland,  sugar  consumption  per  capita 535  7 

Homes,  rural,  sewage  disposal 527  19-24 

Honey,  comiKxdtion^  nature,  uses,  etc 535  9,10 

vetch,  description,  and  auaHty 529  16 

Horn  fly,  differentiation  from  stable  fly 540  14 

Horse-radish  sauce,  receipes 526  21 

Hones,  host  of  stable  fly,  injuries,  etc 540  8 

losses  from  stable  fly»  character  of  injuries,  etc ^ 540  9-12 

Hoose  mosquito.    Ste  Mosquito,  yellow-fever. 

Houses,  poultry 528  9 

treatment  to  prevent  disease 530  5 

Howard,  L.  O.,  bulletin  on  ''The  yellow-fever  mosquito  " 547  1-16 

Hunt,  Oaboline  L.,  and  C.  F.  Langwobtht,  bulletin  on  "Mutton 

and  its  value  in  the  diet'' 526  1-32- 

Illinois,  ftfm  water  supply,  pollution 549  6-7 

white-grab  outbreak,  1912 543  6 

InoHomate  clover.    See  Glover^  crimson. 

Incabation,  artificial,  suggestions 528  8 

natural,  suggestions 528  8 

Incubators,  disinfection,  suggestions 530  29 

Indian  salt,  ancient  name  for  sugar 535  12 

Indiana,  farm  water  supply,  pollution 549  6 

Mav  beeUes,  season  of  diunage ^3  10 

whhe  grub  outbreak,  1912 543  6 

Inoculated  soil^  distribution  over  vetch  fields,  management 529  12 

Inoculation,  cnmson  clover,  methods,  experiments,  etc 550  8 

vetch,  necessity,  methods,  etc 529  10-13 

Invert  su^,  composition 535  8 

Iowa,  white  grub  outbreak,  1912 543  6 

Irish  cobbler  potatoes,  seed,  mixture  with  later  varieties  cause  of 

losses  to  truckers 533  6-7 

Iron  in  diet,  foods  supplyiDg 536  25 

Ini^tion,  citros  groves,  value  for  protection  from  frost 542  17 

Italian  clover.    Se€  Clover,  crimson. 

Jams,  sugar  content,  homemade  and  commercial  products 535  12, 29 

Japanese  ame,  nature,  use,  etc 535  10-11 

Jelly,  use  of  sugar,  proportions 535  28 

June  beetie  grub,  similarity  to  white  grab,  characteristics. .  •• 543  12-13 
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E^dmt  and  acid  pliospliate,  value  for  crimaon  clover 550  9 

Kamala,  use  in  poultry  diseases 530  8S 

Kansas,  fturm  lands  covered  by  straw  stacks 540  21 

Keithley,  J.  R.,  bulletin  on  "Farm  buttermakiiig" 541  1-28 

Kellerman,  E.  F.,  on  pollution  of  farm  water  supply  in  Minnesota  .  549  9 

Kentucky,  com  growm^,  and  in  West  Virginia,  management 546  1-7 

Kerosene  emulsion,  dismlectant  for  poultry  houses,  value,  and  ap- 
plication  530  6 

preparation 530  9 

Key  lime,  characteristics 588  14 

Knab  and  Busck,  observations  on  breeding  places  of  yellow-fever 

mosauitoes 547  9-10 

Kubanjca  durum  wheat,  adaptability  to  western  Great  Plains  region.  534  7, 8 

Kimiquats,  varieties  suitable  for  different  regions 538  14 

Zkidinottema  oreuoto,  life  cycle,  note 543  8 

/oreto,  life  cycle,  note 543  8 

genus,  history,  habits,  etc... ^ 543  8-11 

.fiuoana,  food  habits 543  10 

prunuTuntZtna,  food  habits 543  10 

tm(M,  life  cycle,  note 543  8 

Lactose,  nature 535  9-10 

Lamb,  digestibility 526  6 

use  of  term,  comparison  with  mutton,  etc 526  5 

See  also  Mutton. 

Lamon,  Harbt  M.,  bulletin  on  **  Hints  to  poultry  raisers" 528  1-12 

Lanqwortht,  C.  F.,  and  Oarolinb  L.  Hunt,  bulletin  on  "Mutton, 

and  its  value  in  the  diet " 526  1-32 

Lark,  meadow,  damage  to  sprouting  grain,  preventive  measures 549  16 

economic  value 549  15-16 

food  habits 549  15-16 

Larkspur,  low,  habitat,  description,  etc 531  9-10 

or  "poison  weed" 531  1-15 

poisoning  of  cattle,  symptoms 531  10-11 

live  stock,  relation  of  scarcity  of  food 536  3 

remedies 531  13-14 

season  of  danger 531  11 

seeds,  poisonous  quality 531  11 

tall,  habitat,  descripticm  of  q>ecies,  etc 531  6-9 

varietal  names 531  6,7 

Larkspurs,  western  United  States,  descr^tion  and  distribution  of 

different  species 531  6-10 

Late-blight  dry-rot,  potato  disease,  description  and  control 544  11-12 

Lawns,  grub-infestea,  suggestions 543  20 

Leaf-roll,  potato  disease,  symptoms  and  control 544  14 

Legumes,  growing  with  cnmson  clover,  note 550  15 

Lemon  juice,  use  in  cooking  mutton 526  7 

rough,  value  as  stock  for  citrus  trees 539  4 

sour,  value  as  stock  for  citrus  trees 539  4 

Levulose,  nature 535  8 

Lewkowitsch,  statement  on  origin  of  mutton  flavor 526  7 

lice,  poultry,  treatment 528  11 

powders  for  poultry,  preparation  and  use 530  5-6 

limberneck,  poultry  disease,  cause  and  treatment 530  36 

Lime  seedling,  value  as  stock  for  citrus  trees 539  4-5 

use  on  infected  poultry  ground 530  19 

potato  lands,  danger  of  spread  of  scab 544  5 

value  for  crimson  clover,  application  to  soils,  etc 550  7-8 

Limes,  occurrence  in  Florida,  cultivated  varieties,  etc 538  14 

limewash,  disinfectant  for  poultry  houses,  value,  and  application. .  530  6 

live  stock,  danger  from  poisonous  range  plants 536  4 

feeding,  value  of  molasses 535  20 

injuries  from  stable  fly 540  9-11 

loco  habit,  prevmition 536  3 

poisoning  due  to  scarcity  of  food 536  1-4 

protection  frcmi  stable  flies,  methods 540  23-24 
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Urer  disease^  poultnr,  cause  and  treatment 530  36 

Loco  habit,  live  stock,  prevention 536  3 

Locust  trees,  injury  by  May  beetles 543  10 

Loding,  H.  P.,  note  on  food  habits  of  Mav  beetle 543  10 

Xop^p^ton  ^ZZuMs,  cause  of  white  comb  in  poultry 530  24 

Louisiana,  citrus  fruit  growing,  varieties  suitable,  etc 538  14-15 

propagation,  stock  suitable,  management,  etc 539  3, 5-9 

New  C&leans,  yellow  fever  eradication 547  16 

Lumbermen,  consumption  of  sweets,  advantage 535  19 

«• 

Male  fern,  use  in  treatment  of  poultry  diseases 530  31 

Malt  BU^fars,  nature 535  14 

Mandarins,  varieties  for  different  sections 538  15 

Mange  of  the  leg,  poultry,  cause,  symptoms  and  treatment 530  34r-35 

poultry,  cause,  symptoms  and  treatment 530  33-32 

Manure  from  vetch  hay,  value  in  inoculation  of  soil 529  1^ 

green,  value  of  crimson  clovjBr 550  ^ 

vetch 529  3 

stable,  use  on  citrus  groves 542  11 

potato  landSj  danger  of  spread  of  scab 544  5 

value  for  com  growing 546  6 

crimson  clover 550  7 

Maple  sap,  yield  of  sugar 535  14 

sugar.    See  Sugar,  maple. 

trees,  injury  by  May  beetles 543  10 

Maisgraf,  chemist  of  Bertin,  discovery  of  sugar  in  beets 535  13 

Marketing  butter  from  ia^rm 541  18-19 

eggs,  suggestions 528  11 

poultry,  suggestions 528  11 

sweet  potatoes,  and  st(»rage  methods 548  1-15 

wool,  suggestions 527  9-13 

Markets,  sweet  potato,  demands  in  different  sections 548  10-11 

Mabbh,  G.  Dwight,  a.  B.  Oiawson,  and  Hadleiqh  Marsh,  bulle- 
tin on  ''Larkspur,  or  'poison  weed'  " 531  1-15 

bulletin  on  "Stock  poisoning  due  to  scarcity  of 

food" 536  1-4 

Hadleigh,  G.  Dwight  Mabsh,  and  A.  B.  Glawson,  bulle- 
tin on ''Larkspur,  or 'poison  weed' '' 531  1-15 

Marston,  Anson,  statement  on  "Sewage  disposal  for  rural  homes  "  . .  527  19-20 

Martin,  T.  E.,  growing  seed  potatoes,  work 533  9-10 

May  beetie,  destruction,  crop  management 543  19-20 

life  history  and  nabits .* 543  8-11 

beeties,  collecting,  management 543  18-19 

eggs,  description 543  11 

food  habits 543  ^10 

oviposition 543  11 

McVey,  K.  A.,  remarks  on  effect  of  pumping  on  quality  of  water  in 

wells 549  8-9 

Meadow  Iwrk,  economic  value 549  15-16 

See  also  Lark,  meadow. 
Meat.    See  Beef;  Lamb;  Mutton;  etc. 

Merino  sheep,  wool  production,  note 532  19 

Mexico,  yellow  fever,  eradication,  note 547  16 

Michigan,  white  grub  outbreak,  1912 543  6 

Mildew,  sweet  peas,  cause,  remedy,  etc 532  13 

Milk  bacteria,  effect  on  different  constituents 541  5-6 

cans,  kinds  and  requirements 541  21 

changes,  causes 541  5-6 

cleanliness,  importance  and  management 541  6-9 

composition 541  5 

coolmg,  efficiency  of  different  methods 541  10 

pails,  requirements 541  20 

pasteurizing,  directions 541  11-12 

room,  treatment  for  clean  milk 541  8 

strainer,  requirements 541  ^^  ^^ 

temperatures,  maintaining,  management 541 
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Milk  sugar,  characteristics 535 

use  in  food  of  in&mts,  desirability 535 

temperature  for  cream  separation 541 

thistle,  similaritjr  to  Canada  thistle,  note -. 545 

vessels,  care  and  treatment  for  clean  milk 541 

Milking,  management  for  clean  milk 541 

Milkweeds,  poisoning  of  sheep,  relation  of  scarcity  of  food,  note 536 

Minnesota,  &rm  water  supply,  pollution 549 

Mint  jelly,  recipe , 526 

sauce,  recipe 526 

Mississippi,  citrus  fruit  growing,  varieties  suitable,  etc 538 

propagation,  stock  suitable,  management,  etc 539 

Mites,  poultry,  treatment 528 

Molasses,  by-products  from  sugar  manufacture,  value  for  table  sinips .  535 

diet  of  negroes 535 

food  value 535 

Montgomerv,  Oscar,  experience  in  kUling  Canada  thistle 545 

Morse,  W.  J.,  remarks  on  potato  black-leg 544 

Mosquito,  banded-legged.    See  Mosquito,  yellow-fever, 
day.    iSee  Mosquito,  yellow-fever, 
house.    See  Moeauito,  yellow-fever, 
steeomyia.    See  Mosquito,  yellow-fever. 

yeUow-fever 647 

attacks  on  man,  habits,  caution,  etc 547 

dJBtinguiHhlng  characters 547 

^g  laying,  relation  of  food,  habits,  etc 547 

feeding  habits 647 

flight,  distance,  influences,  diBcusedon 547 

influence  of  temperature 547 

larvffi,    behavior,  food  habits,   duration  of 

early  stages,  etc 547 

life  history,  habits,  etc 547 

original  home 547 

oviposition,  description   of   eggs,  breeding 

places,  etc 547 

remtion  to  yellow  fever,  history  of  discovery. .  547 

varietalnames 547 

Muck,  use  on  citrus  groves,  effect 642 

Mules,  host  of  stable  fly,  injury,  etc 540 

Mutton  and  its  value  in  the  diet 626 

rice,  preparation  inTurk^ 526 

broths  and  soups,  recipes 626 

carcasses,  rejection  by  inspectors,  small  percentage,  note. . .  526 

care  in  the  home 526 

composition  and  nutritive  value,  comparison  with  beef 626 

coolang,  effect  of  heat  on  constituents,  methods,  eto 626 

recipes 526 

with  fruits,  recipes 526 

corned,  uses,  eto 526 

cuts,  description,  location,  etc 526 

digestibility,  experiments 626 

economy  in  use 626 

extract,  preparation 526 

fat,  characteristics,  etc 626 

solidifying  points 526 

use  in  cookmg,  treatment 526 

flavor,  origin,  effect  of  different  methods  of  treatment 626 

judging 526 

juice,  preparation 626 

preparation  for  diet,  use  of  acids 626 

sausages 526 

savory  loaf,  recipe 526 

stews,  recipes * 626 

use  of  term,  comparison  with  liunb,  etc 626 

waste  in  various  cuts 626 

percentage  in  slui^htering 626 
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Nsrrow-leaved  vetch,  growth  habits 529  6 

seed  pioduction,  difficulties,  management —  529  14-15 

Native  vetch,  growth  habits 529  6 

Navajo  sheep,  wool  production 532  19 

Nelsooi,  Frea,  note  on  destruction  of  grubs  by  blackbirds 543  18-14 

New  York ,  white  erub  outbreak  ,1912 543  5-6 

Nitrate,  soda,  fertilizer  for  com,  value 546  6 

value  for  crimson  clover 550  6-7 

Nitrogen-gathering  bacteria,  effect  of  sun 529  12 

North  Carolina,  vetch  growing 529  5 

Dakota,  durum  wheat  productk)n 534  8, 11-12 

Nurseries,  citrus,  use  of  fertilizers 542  10 

Nursery,  citrus,  management 539  3-16 

stocks  suitable 539  8-6 

Nut,  areca,  use  in  poultry  disease 530  38 

sweet,  confection  from  maple  sugar,  note 535  14 

Oak  trees,  injury  by  May  beetles 548  10 

Oat  growing,  eradication  of  thistles 546  11 

Oats,  Canada  thistle  in 546  7 

growing  with  crimson  clover,  yield,  experiment 550  14-16 

sproutSi^  for  poultry 549  1^20 

Ocock  and  Wnght,  design  for  septic  tank  for  farm  sewage 527  21-22 

Ohio,  white  grub  outbreak,  1912. 543  6 

Oil,  castor,  use  in  poultry  diseases 530  24,26,33,36 

crude,  use  as  fuel  in  orchards,  disadvantages 542  13 

fuel,  storage  tanks,  descriptions 542  16 

of  caraway,  use  in  poultry  diseases 530  85 

turpentine,  use  m  poultry  diseases 530  88 

Oils,  fuel,  sources,  use  in  orchards,  etc 542  18-16 

Okra  and  mutton  stew,  recipe 526  17 

Oospora  scabieSy  effect  on  potatoes,  causes,  and  control  measures 544  6-6 

Orangegroves,  Gulf  States,  culture,  fertilization  and  frost  protection.  542  1-20 

growing,  soils  suitable 538  ^10 

seedlings,  characteristics 538  13 

sheds,  use  for  frost  protection 642  17 

sweet,  varieties  suitable  for  different  regions 538       18, 14, 16 

Oranges,  varieties,  regions  suitable,  etc 538  12-16 

Orchards,  citrus,  Gulf  States,  culture,  fertilization,  and  frost  pro- 
tection  542  1-20 

sites,  soils,  and  varieties 538  1-16 

heatingcoet 642  16-16 

cover  crop,  vahie  of  crimson  clover 550  3 

heating  as  frost  protection 542  1^17 

Oregon/yetch  seed  production 529  16 

OrtonuW.  A.,  bulletin  on  "Potato-tuber  diseases" 544  1-16 

Overflow  lands,  use  of  vetch  in  crop  rotations 529  17 

Oyster  sauce,  preparation 526  20 

Packing  fleeces,  practices,  said  suggestions 527  1^13 

sweet  potatoes,  for  market,  directions 548  14 

Pails,  milk,  requirements 641  20 

Palm  sugar,  raw,  composition 536  15 

Parsley  sauce,  recipe 526  21,25 

Pasture^  bur  clover,  value,  management,  etc 532  15 

Paunchingcattle  for  larkspur  poisoning 531  13 

Pea  aphis,  injury  to  sweet  peas,  notes 632  9,12 

Peas,  sweet.    See  Sweet  peas. 
Peco.    See  Larkspur. 

Pennsylvania,  white  grub  outbreak,  1912.... 543  6-6 

Peonies,  varieties  recommended  by  the  American  Peony  Society,  list.  527  6 

Peony,  revival  of  popularity,  improvement^  suggestions,  etc 527  5-7 

Society,  .^mcan,  work,  cooperation  with  Cornell  Experi- 
ment Station 527  5-7 

P«!erodka  durum  wheat,  note 534  7 
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Pennanganate  of  potash,  1106  against  roup 530  12 

in  treatment  of  poultry  diseases 530  11, 14 

Peroxid  of  hydrogen,  use  in  treatment  of  poultry  diseases 530  11 

Peruvian  balsam,  use  in  poultry  diseases 530  84,35 

Pheasants,  scaly  leg  symptoms,  treatment,  etc 530  34-35 

Phosphate,  acid,  and  kamit,  value  for  crimson  clover 550  6 

use  in  vetch  growing 529  12 

Phytophthora  infestans,  cause  of  potato  disease,  control 544  11-12 

Pie,  mutton  and  potato,  recipe 526  25 

Pigeons,  coccidioeis  symptoms 530  23 

mange  infested,  cause,  symptoms  and  treatment 530  33-^ 

susceptibility  to  coccidioais,  symptoms,  etc 530  23 

Pine  trees,  injury  by  May  beetles 543  10 

Piney  woods  land,  orange  growing,  suitability 538  10 

Plowing,  com  improvement  work 537  12-14 

land,  directions.. 546  5 

eradication  of  Canada  thistle,  directions 545  9 

for  destruction  of  white  grub,  suggestions 543  17-13 

Plows,  sweet  potato  harvesting,  description 548  11 

Plumbing  system  for  farm  home 527  19-24 

Poison  weed.    See  Larkspur. 

Poisoning,  larkq>ur,  season  of  danger,  quantity  required,  etc 531  11-13 

symptoms,  effect  on  oigans  of  the  body 531  11 

live  stock,  due  to  scarcity  of  food. 536  1-4 

Pomelo,  regions  suitable,  note 538  13 

value  as  stock  for  citrus  trees 539  4 

Poplar  trees,  injury  b^  May  beetles 543  10 

Porto  Rico,  citrus  fruit  growing,  remarks 538  15 

Potato  blight,  remedy,  value  of  Bordeaux  mixture ; 527  7-9 

diseases 544  1-16 

causes 544  3 

industry,  seed  regulations,  suggestions 544  15-16 

spread 544  4 

planting,  value  of  whole  seed  i».  cut  seed 533  13-14 

production,  increase  by  use  of  good  seed,  estimate 533  6 

rots,  descriptions,  and  control  measures 544  11-13 

scab,  treatment  of  seed 533  15-16 

scabs,  descriptions,  causes,  and  control  measures 544  5-8 

seed,  immature,  advantages,  experiments , 533  10 

warehouse,  construction,  requirements,  etc 549  9-15 

wart,  description  and  danfi:er  of  introduction 544  7, 8 

Potatoes,  damage  from  white  gruD,  1912 543  5-6 

growing  from  selected  and  unselected  seed,  experiments. .  533  9 

strong  and  weak  seed,  experiment. 533  7-9 

internal  brown-spot,  causes 544  13 

production  in  United  States,  5-year  periods  for  45  years. .  533  3-6 

seed,  field  inspection  and  certification 544  16 

northern  grown,  desirability  for  southern  localities. .  544  3-4 

production 533  1-16 

pure^  importance .' 533  6-7 

requirements 533  6 

selection 544  14-15 

See  aUo  Seed  potatoes. 

spraying,  advantages 527  7-9 

effect  on  yield,  experiments 527  7-9 

storage 549  9-15 

influence  on  quality  of  seed 533  14 

rot,  causes  and  control 544  12-13 

sweet,  storing  and  marketing.*. 548  1-15 

See  also  Sweet  potatoes. 

yields  for  45  years,  causes  of  decline  and  increase 533  3-^ 

Potato-tuoer  diseases 544  1-16 

Poultry,  breeding  for  egg  production,  etc 549  16-18 

breeds  for  different  purposes 528  5 

diseases,  important 530  1-36 

preventive  measures 530  4-d 
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Poultry,  diseaaeo,  treatment 528  11-12 

diinkiiuf  water,  treatment  to  prevent  roup 530  12 

egg-produdng  power,  trananiflaion 549  17,18 

featner  puDing,  symptom  of  mange 530  34 

feeding  sprouted  oats,  purpose  and  management 549  '  20 

erounds,  treatment  to  prevent  disease 530  4 

nouses  and  fixtures , 528  9 

treatment  to  prevent  disease 530  5 

inflammation  of  the  stomach  or  intestines,  cause,  s3rmptoms, 

and  treatment.... 530  36 

lameness,  symptom  of  scaly  leg 530  35 

Uce  and  mites,  treatment 528  11 

mange-infected ,  cause,  B3rmptoms,  and  treatment 530  33-34 

marketing,  suggestions 528  11 

pure  bre^,  advantages 528  5 

raisers,  hints  to 528  1-12 

scaly  1^,  symptoms,  treatment,  etc 530  35 

use  in  destruction  of  white  grub,  suggestions 543  17 

8u  also  Chickens;  Geese;  Hens;  Turkeys. 

Poults,  infection  with  blackhead,  symptoms,  cause,  treatment,  etc. .  530  17-18 
See  oho  Turkeys. 

Powdery  dry-rot,  potato  disease,  description  and  control 544  12-13 

mildew,  mjury  to  sweet  peas,  treatment,  etc 532  9 

scab,    potato,   introduction    from   Europe,    description, 

danger,  etc 544  7 

Preserves,  use  of  sugar 535  27-28 

Propagation,  citrus  trees  in  the  Gulf  States 539  1-16 

Pruning  dtrus  trees,  practices 542  7-8 

Pullets,  early  lavers,  value  for  breeding  stock,  marketing,  notes 528  9, 11 

See  alio  Poultry. 

Quisenberry,  T.  £.,  remarks  on  poultry  for  egg  production 549  16-17 

Ragout  of  mutton,  recipes,  use  of  different  veg^etables,  etc 526  17-18 

RiSway  trains,  carriers  of  yellow-fever  mosqmto 547  7 

Rain  barrel,  breeding  place  for  yellow-fever  mosquitoes 547  9 

Recnpes,  cooking  mutton 526  15-31 

Reeo,  Walter,  investigations  of  cause  of  yellow  fever,  experiments, 

etc 547  14-16 

Reed's  jellow  dent  com,  suitability  to  West  Virginia 546  6 

Red  spider,  injury  to  sweet  pea 532  9,12 

lUiizoctonia  fungus,  effect  on  potatoes,  description  and  control 544  5, 6-7 

Rice  and  mutton,  preparation  in  Turkey 526  8 

Roast  mutton,  cooling  recipes 526  23-25 

Rolfs,  P.  H.,  bulletin  on  ^'Culture,  fertilization,  and  frost  protection 

of  citrus  groves  in  the  Gulf  States" 542  1-20 

''Propagation  of  citrus  trees  in  the  Gulf 

States" 539  1-16 

''Sites,  soils,  and  varieties  for  citrus  groves 

in  the  Gulf  States" 538  1-1^ 

Root-knot  nematode,  cause  of  potato  disease,  control 544  13-1? 

Rootworm,  com,  preventive  measure,  note 529  l2 

Rotations,  crop,  with  vetch 527  l^^o 

Ronndworm,  cattle,  stable  fly  as  host,  note 540  ^ 

Roup,  poultry,  description,  cause,  symptoms,  and  treatment 530  ^: 

difference  m>m  diphtheria 530 

treatment 528  1" 

Russet  scab,  potato,  description  and  control 541  5, 6-;^ 

Russia,  ^ppowing  durum  wheats,  varieties  for  different  conditions 534  7-^ 

Rust-reeistant  wheat,  value  of  durum  variety 534  ° 

o 

Saccharin,  nature 535  11 

Saccharum  ojfficinaruim.    See  Cane,  sugar. 

Salicylic  acid,  use  in  treatment  of  poultry  diseases 530  32 

Saliva,  alkaline  nature,  effect  on  teeth 535  26 

Salmon,  Cecil,  and  J.  Allbn  Clark,  bulletin  on  "Durum  wheat".  534  1-16 

D.  £.,  bulletin  on  "Important  poultry  diseases" 530  1-36 
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Sanarelli,  investigation  of  cause  of  yellow  fever,  note 547  14 

Sand  vetch.    See  Hairy  vetch. 

Sandy  soil,  value  of  hairy  vetch 529  7 

Santonica,  use  in  poultry  diseases 530  SS 

Satsuma  orange,  region  suitable,  note « 538  13, 14 

Sauces,  preparation  for  serving  with  mutton 526  20--21 

Sausages,  mutton 526  31-32 

Savory  fat  from  mutton^  preparation  and  uses 526  9 

mutton  loaf ,  recipe 526  21\ 

Scab,  potato,  treatment  of  seed 533  15-16 

sheep,  value  of  tobacco  dips 527  19 

Scabies,  poultry,  cause,  symptoms,  and  treatment 530  33-34 

Scaly  leg,  pheasants,  symptoms,  treatment,  etc 530  34-35 

poultry,  cause,  symptoms,  and  treatment |^|5  g4_oi 

Scarlet  clover.    See  Clover,  crimson. 

Scotch  broth,  recipe 526  17 

Seed  bed,  com  growing,  preparation 546  5 

improvement  work,  preparation. 537  12-14 

crimson  clover,  preparation , 550  6 

bur  clover^  growing  and  narvesting 532  17-18 

Canada  thistle,  description,  occurrence  in  farm  seeds,  hay,  etc.  545  7-8 

distribution,  preventive  measures,  etc 545  7-8 

com,  drying  and  care 537  1^20 

growing,  profits,  varieties,  etc.,  su^estions 537  6-8 

selection  tor  Kentucky  and  West  Virginia 546  6 

fromfield 537  lg-19 

crimson  clover,  sowing,  amount  to  acre^  etc , 550  9 

potatoes,  field  inspection  and  certification 544  16 

from  prcxluctive  plants,  advantages 533  7-10 

good,  production 533  1-16 

high  grade,  development,  methods 533  11-14 

large  compared  with  small 533  12-13 

l^gal  regulations,  suggestions 544  16-16 

northern  grown,  desirability  for  southern  localities...  544  3-4 

pure,  importance 533  6-7 

selection 544  14-16 

treatment  for  prevention  of  scab 544  5 

uniformity  in  size  and  shape,  importance 533  10-11 

use  of  whole  seed  vs,  cut  seed 533  1W4 

vetch,  carrier  of  inoculating  bacteria,  sowing  with  winter  oats, 

results 529  12-13 

production,  importatioiis,  etc 529  14-16 

Seeding  bur  clover,  methods 532  14, 17 

crimson  clover,  after  early-maturing  crops 550  12 

re<iuirement8.  methods,  etc 550       5, 6, 8-15 

with  late-seeded  annual  crops 550  13 

vetch,  quantity  of  seed  to  acre,  etc 529  9-10 

Seedlings,  orange,  characteristics 538  13 

Seeds,  citrus,  for  growing  nursery  stock,  selection,  keeping,  planting, 

etc 539  6-7 

larkspur,  poisonous  quality 531  11 

Separator,  cream,  requirements 541  21 

Settling  chamber,  sewerage  system  on  farm,  description,  etc 527  20 

Sewage  disposal  for  rural  homes 527  19-24 

Shallow  pan  method,  cream  separation 541  9 

Shearing  sheep,  sugg^estions 527  11 

Sheep,  Arizona,  native   type,  characteristics,    crossbreeding  with 

other  types,  experiments 532  19--22 

breeds,  care,  etc.,  relations  to  quality  of  wool 527  10-11 

freedom  from  diseases  affecting  value  as  food,  note 526  5 

grading  up  for  wool,  suggestions 527  10 

industry.  United  States,  magnitude 532  19 

pasturing  on  larkspur  areas,  suggestions 531  14 

poisoning  from  wild  cherry,  relation  of  scarcity  of  food 536  3 

on  range,  relation  to  scarcity  of  food. 536  3-4 
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Sheep,  scab,  value  of  tobacco  dips 527  19 

shearing,  suggestions 527  11 

Tunis-native  crosses,  characters 532  21-22 

type  for  Southwest,  improvement,  need,  suggestions,  etc 532  18-21 

types  for  valleys  and  Iot  the  range 532  19-22 

wool  marking,  suggestions 527  11 

Ships,  carriers  of  yeuow-fever  mosquito 647  7 

"Short  backed"  disease  of  chicks,  cause 630  28 

Shotgun  methods,  cream  separation 641  9 

Shutt,  F.  T.,  on  pollution  of  farm  water  supply  in  Canada 649  6 

Silage,  vetch,  production 529.  14 

Silver  scurf,  potato  disease,  description,  spread  in  Eastern  States, 

control 544  8 

Sir  Walter  Raleigh  potatoes,  yields 533  9 

Sirups,  color,  requirements  for  table  and  for  cooking 535  22 

makini",  methods 536  21 

table,  food  value 636  21-22 

Smith,  A.  G.,  bulletin  on  "Vetch  growing  in  the  South  Atlantic 

States" 629  1-21 

R.  I.,  method  for  destruction  of  flies 632  23 

SnaUs,  injury  to  sweet  peas,  eradication 632  12-13 

Soda  nitrate,  fertilizer  for  com,  value 546  6 

Soil  improver,  bur  clover,  value 532  16 

inoculation  for  bur  clover,  methods 632  14-15 

vetch  growing,  methods 529  10-13 

Soils,  add,  value  for  potato  growing 644  6-6 

citrus  fruit  growingj  requirements 538  8-10 

effect  of  different  kinds  on  potato  scab 544  5,7 

poor,  value  for  citrus  fruit  growing 538  8-9 

Soldim'  rations,  importance  of  sugar 536  18 

Souma,  transmission  by  stable  fly 640  9 

Soups,  mutton,  recipes 526  15-16 

South  Atlantic  States,  vetch  growing 529  1-21 

Carolina,  vetch  growing 529  6 

Dakota,  durum  wheat  production 634  8,11-12 

white  CTub  outbreak,  1912 543  6 

sweet  potato  industry,  magnitude  and  importance 648  3 

Southwest,  sneep,  type  needed 632  18-22 

Spalangia  mtuamriumy  enemy  of  stable  fly,  occurrence 640  23 

Spider,  red,  injury  to  sweet  peas,  notes 532  9,12 

Spondykdadium  airovirenB,  description,  spread  in  Eastern  States, 

etc 644  8 

Spongospara  sokmij  cause  of  powdery  scab  of  potatoes 544  7 

Spraying,  May  beetle,  discussion 643  19 

potatoes,  advantages  and  directions 527  7-9 

Stable  fly 540  1-28 

See  aUo  Fly,  stable. 

Stagger  grass,  poisoning  of  cattle,  relation  of  scarcity  of  food 636  4 

Starch,  changes  in  human  body 636  16-17 

in  diet,  amount  digestible  daily 636  23 

Starters,  cream,  kinds  and  use 641  11-12 

Stegomyia  calopvs.  See  Mosquito,  ydlow-fever. 
fascuUa.  See  Mosquito,  yellow-fever, 
mosquito.    iSee  Mosquito,  yellow-fever. 

Sternberg,  (Jen.,  connection  with  yellow-fever  investigation,  notes.  647  13, 14 

Stews,  mutton,  recipes 526  17-19 

Stock  poisoning,  due  to  scarcity  of  food 636  1-4 

See  also  Live  stock. 
Stomoxys  cakitrans.    See  Fly,  stable. 

Storage,  fleeces,  directions •.••-•. ^^7  12-13 

houses,  sweet  potatoes,  construction,  materials,  directions, 

etc 548  4r-10 

potatoes 549  9-15 

effect  on  quality  of  seed,  needs  of  southern  truckers.  533  14 

sweet  potatoes,  management 548  12-13 

Storing  sweet  potatoes,  and  marketing  methods 648  1-16 
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Stoves,  use  in  sweet  potato  storage  houses,  desirable  kinds,  etc 548 

Stndner,  cream,  description  and  value 541 

milk,  requirements 541 

Straw  fly.    See  Fly^  stable. 

stacks,  breeding  places  for  flies : 540 

Kansas,  area  covered,  estimate,  breeding  places  for 

stable  fly,  etc 540 

Strawberries,  wild,  dama^  by  white  grub,  note 543 

Stuabt,  WiiiLIAm,  bulletin  on  "Good  seed  potatoes  and  how  to  pro- 
duce them" 533 

StwmeUa  spp.    See  Lark,  meadow. 
Sucrose.    See  Sugar. 

Sugar,  advantages  over  starch  as  food 535 

amount  dkestible  daily,  remarks 535 

and  its  vahie  as  food 535 

animal,  nature  and  functions 535 

beet ,  raw,  composition ' 535 

world's  crop,  1910-U 535 

beets.    iSee  Beets. 

birch,  note * 535 

butternut  tree,  note 535 

cane,  characteristics.... 535 

conversion  to  invert  sugar 535 

raw,  composition 535 

sources 535 

world's  crojp,  1910-11 535 

See  dUo  Cane,  sugar. 

concentrated  forms,  cause  of  digestive  disturbance 535 

consumption  per  capita,  daily,  in  United  States 535 

in  (ufferent  countries 535 

cost  as  food,  comparison  with  other  foods 535 

dietarjr  use  and  function 535 

digestibility,  relation  to  physical  exercise 535 

digestion,  processes 535 

e&ct  on  teeth,  discussion 535 

fot  forming  qualities 535 

food  value 535 

for  muscular  work 535 

pape,  nature,  origin,  etc 535 

in  dietaries  of  chudi^n 535 

fruits 535 

invert,  nature 536 

Tnanufacture,  processes 535 

maple,  production,  magnitude,  history,  uses,  etc 535 

raw.  composition 535 

of  milk,    au  Milk  sugar. 

production  from  beets,  cane,  and  maple,  history,  growth  of 

industry,  etc 535 

purity,  tests 535 

source  of  heat  and  enetff  in  body,  discussion 535 

use  in  cooking,  preserving,  and  confectionery 535 

world's  crop,  sources 535 

Sugars,  chemical  composition 535 

kinds,  origin 535 

quality  from  different  sources 535 

raw,  composition  from  different  sources.... 535 

Surra,  transmiasion  by  stable  fly , 540 

Sweet  peas,  dropping  of  flower  buds,  cause  and  remedy 532 

fall  planting,  experiments 532^ 

fungus  disuses 532 

garden,  growing  for  early  blooms,  experiments 532 

^wing  imder  glass,  directions 532 

insects,  injurious,  notes 532 

sparing  planting,  experiments 532  * 

winter-nowering,  distinguishing  characters,  cultural  re- 
quirements, etc 532 
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Sweet  peas,  winter-flowering^  pzoduction 532  9-18' 

potato  industry,  mag^ude  and  importance  in  South 548  3 

marketing 548  18-14 

markets,  demands  of  different  sections 548  10-11 

Sweet  iwtato  storage  house^  construction,  directions 548  .  4-10 

potatoes,  crowing  with  crimson  dover ; 550  '  12 

handling  for  stora^ 548  5 

harvestmg,  directions 548  11-12 

keeping  condition,  requirements 548  8-4 

loflsee  m>m  poor  storage  methods 548  3 

storing  and  marketing 548  1-15 

varieties  for  market 548  10-11 

Sweets.    8u  Candies;  Sirups;  Sugar. 

Switzerland,  sugar  consumption  per  capita 535  7 

8yTuhUnum  endobioticumf  danger  of  introduction,  description,  etc ...  544  7, 8 

i^yTi^amut  (roMeoZw,  cause  of  gapes  in  chicks 530  30 

Synanstew 526  18 

Tangerines,  varieties  suitable  for  different  regions 538       13, 14, 15 

Tanks,  rain-water,  breeding  places  for  yellow-fever  mosquitoes 547  9 

Tapeworms  in  poultry,  treatment 530  33 

Tor  water,  disinfectant  for  diphtheria  in  fowls 530  15 

Taylor,  W.  J.,  treatment  of  cskde  to  prevent  contagious  abortion,  ex- 
periments  549  20-21 

Teeth,  caries,  causes,  discussbn 535  26-27 

decay,cause 535  26-27 

Texas,  citrous  fruit  erowinff,  varieties  suitable 538  15 

fever .  cause  Dv  stable  fly 540  10 

May  oeetle,  life  cycle 543  8 

stable  fly,  outbreak  in  1912,  history 540  7-12 

'niermometer,  dairy,  importance  in  butter  making 1 541  21 

Thistle,  bull,  similarity  to  Canada  thistle,  points  of  difference 545  6 

Canada,  distribution  of  seed,  means 545  7-^ 

law  of  several  States 545  14 

rau^,  description,  growth  habits,  etc 545  5-6 

salting,  as  method  of  .eradication 545  13 

spraying  for  eradication 545  13 

Thistles,  Canada,  control. 545  1-14 

killiDg  methods 545  8-13 

mistaken  for  Canada  thistle 545  6 

Thompson,  H.  C,  buUetin  on  ''Storing  and  marketing  sweet  pota- 
toes"   648  1-15 

Thrashing  vetch,  management 529  15 

Thymol,  use  in  i)oultry  diseases 530  33 

Timber,  defoliation  by  May  beetles 543  11 

Timothy,  damage  from.white  grub,  1912 543  5-6 

Tobacco  dips  for  sheep  scab 527  19 

dust,  use  in  lice  powder  for  poultry 530  5 

Tongues,  sheep's,  cooking,  recii>e 626  19 

Top-working  citrus  trees,  directions 642  18 

Transplanting,  citrus  stock 639  7-8 

Transportation  diseases  of  fowls,  causes,  discussion 630  7 

Trap,  fly,  for  stable  flies,  description,  value,  etc 640  26-26 

Trapping  stable  flies,  effectiveness,  management,  etc 640  26-26 

Trees,  citrus,  setting,  number  to  acre,  time,  methods,  etc 642  6-7 

Trifouata,  value  as  stock  for  citrus  trees 639  3-4 

TriticMm  durum.    See  Durum  wheat. 

Truck  crops,  growing  with  crimson  clover 660  12 

growers,  southern,  need  of  storage  facilities  for  potatoes 633  14 

Tuber.    i9M  Potato. 

Tuberculosis,  poultry,  causes,  symptoms^  treatment,  etc 630  19-21 

Tuber-unit  method,  seed  potato  production 533  11-12 

Turkeys,  blackhead,  sjrmptoms,  cause,  treatment,  etc. 530  16-19 

scaly.l^,  s3rmi>toms.  treatment,  etc 630  34-35 

use  m  destruction  of  white  grub 643  20 

white  comb,  symptoms,  cause,  treatment,  etc 630  24-26 
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Turnips,  growing,  with  crimson  clover  as  nurse  crop 550 

Turpentine,  use  in  treatment  of  poultry  diseases 530 

Twme,  tying,  for  fleeces,  requirements,  practicee,  etc 527 

Typlioid,  danger  from  polluted  waters 549 

Velvet  beans,  growing  on  land  for  citrus  grove,  note 542 

Vermont  Experiment  Station,  potato  spra3dng  experiments 527 

Verticillium  alboatrum,  cause  oi  potato  dis^ise,  control 544 

wilt,  potato  disease,  description  and  control 544 

Vessels,  carriers  oi  yellow-fever  mosquito 547 

Vetch,  common,  growth  habits 529 

seed  importation,  note 529 

fertilizing  value 529 

forage,  palatabUity 529 

growing  in  the  South  Atlantic  States 529 

South  Carolina,  experiences  of  several  ^urmers 529 

hay,  nitrogen  content  compared  to  cowpea  hay 529 

production,  cutting,  shocking,  etc 529 

in  rotations . .  .*. 529 

kinds  cultivated  in  South  Atlantic  States 529 

planting  in  cotton,  yield,  etc 529 

time,  discussion 529 

reseeding,  management 529 

seed,  production,  importations,  etc 529 

viJue  as  crop,  advantages,  etc 529 

for  honey 529 

silage  for  milch  cows,  value 529 

Vida  aru7t«tt/bZio,  growth  habits 529 

saliva.    See  Vetch,  common. 
vUlosa.    See  Hairy  vetch. 
Vinegar,  use  in  cooking  mutton 526 

Wart,  potato,  description,  danger  of  intsroduction,  etc 544 

Washburn,  P.  L.,  description  of  flytrap 532 

Washes,  poultry,  for  chicken  pox 530 

diphtheria 530 

roup  disease  in  poultry,  prepaiation  and  application 530 

Water  from  different  soils  and  strata 549 

supply,  farm 549 

Webber,  Herbert  J.,  classification  of  citrus  fruits 538 

Weeds,  mistaken  for  Canada  thistle 545 

Wells,  bored,  advantages  over  dug  wells 549 

location,  depth,  protection  from  surface  water,  etc 549 

pumpinj^,  effect  on  quantity  of  water 549 

West  Indies,  citrus  fruit  ^wing,  remarks 538 

Virginia,  com  growing,  and  in  Kentucky,  management 546 

Westgatb,  J.  M.,  biilletin  on  "Crimson  clover,  growing  the  crop" . .  550 

Wheat,  durum 534 

See  also  Durum  wheat. 

growing  with  crimson  clover,  value  of  crop,  etc 550 

Kussian  durum,  advantages 534 

winter,  production  in  Great  Plains  re^on 534 

Wheats,  durum  and  common  kinds,  comparative  value,  1902-1912..  534 

Whey  honey,  making,  recipe 535 

White  comb,  poultry,  cause,  symptoms  and  treatment 530 

diarrhea,  chicks,  cause,  symptoms  and  treatment 530 

grubs,  common 543 

See  also  Grubs,  white. 
Whittaker,  H.  A. ,  on  pollution  of  farm  water  supply  in  Minnesota. . .  549 

Wild  cherry,  poisoning  of  live  stock,  relation  of  scarcity  of  food 536 

fly.    -S«j  Fly,  stable. 

WiUow  tre^  injury  by  May  beetles 543 

Wilson,  F.  W. ,  statement  on  sheep  breeding  for  Arizona 532 

Wilts,  potato,  descriptions,  control  measures,  etc 544 

Winds,  injury  to  citrus  groves,  value  of  windbreaks,  etc 538 

Winter  wheat  production  in  Great  Plains 534 
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Wiaconsin,  defoliation  of  timber  area  by  May  beetlee 543  11 

white  grub  outbreak,  1912 543  5-6 

Wool,  dung  tags,  cause,  effect  on  quality,  preventive  measures,  etc.  527  11-12 

marketing,  suggestions 527  9-13 

occurrence  of  foreign  substances,  preventive  measures,  etc. . .  527  10-11 

packing  and  storing,  practices  ana  suggestions 527  12-13 

Australia,  methods 527  13 

paint  marks,  objections 527  11 

selling  to  local  storekeeper,  effect  on  industry,  etc 527  9-10 

tar  marks,  objections 527  11 

Wool  marking  of  sheep,  suegeetions 527  11 

Wornis,  giant  thoni-hesideoLaanger  to  swine  on  grub-infested  fields..  543  17 

Wormseed,  use  in  poultry  diseases 530  33 

Wright  and  Ocock,  design  for  septic  tank  for  farm  sewage 527  21-22 

Yellow  fever,  cause,  investigations  in  Cuba,  experiments,  etc 547  14-16 

infected  ports,  distance  at  which  ships  should  anchor.  547  7 

preventive  measures 547  15-16 

relation  of  mosquito,  history  of  discovery 547  13-16 

Ghamovka  durum  wheat,  note 534  7 

Yellow-fever  mosquito 547  1-16 

See  also  Mosquito,  yellow-fever, 

outbreaks  in  northern  cities,  cause,  note 547  7 
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